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of the numbers underneath it match all of the numbers on the equipment FCO log, then this manual -1 

accurately reflects the equipment. ..J 



60476010 F 


iii/iv 













LIST OF EFFECTIVE PAGES 


New features, as well as changes, deletions, and additions to Information in this manual, are Indicated by bars in the margins or by a dot 
near the page number if the entire page is affected. A bar by the page number indicates pagination rather than content has changed. 



60476010 F 


v/vi 

























PREFACE 


This manual describes the Control Data® FA464 and 
FA465 Magnetic Tape Transport Controller (MTTC) used in 
CYBER 18 Processor Systems. The MTTC interfaces the 
CYBER 18 computer to the phase encode (PE) or nonreturn 
to zero-inverted (NRZI) magnetic tape transport (BWlOl, 
BW303, BW305, and FA107) via a DZIOI Magnetic Tape 
Formatter. 

The magnetic tape formatter can interface with any 
combination of one to four magnetic tape transports in a 
daisy-chain configuration. 


The descriptions, diagrams, and drawings contained in this 
manual relate specifically to the FA465-A MTTC. 
However, they are equally applicable to all FA464 and 
FA465 MTTCs unless specifically stated otherwise. 


The publications listed below provide more detailed 
information relative to equipments, subsystems, and 
systems. 


Description 


Publication No. 


Basic Micro-Programmable Processor Hardware Maintenance Manual 39451400 

CYBER 18 Computer Systems Central Processor Field Repair Guide 60475001 

CYBER 18 Computer Systems with MOS Memory Installation Manual 96768360 

CYBER 18 Computer System Overview Manual 60475000 

CYBER 18 Processor with MOS Memory (Macro Level) Reference Manual 96768300 

Magnetic Tape Transport (NRZI) Subsystem Field Repair Guide 60475041 

Magnetic Tape Transport Subsystem, Dual Mode (NRZI/PE) Field 60475042 

Repair Guide 
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GENERAL DESCRIPTION 


1 


The magnetic tape transport controller (MTTC) contains 
the logic that: interprets the CYBER 18 central 
processing unit (CPU) function codes, assembles and 
disassembles the 16-bit v/ords passed between the CPU 
and the DZIOI-A magnetic tape formatter and provides 
the magnetic tape transport (MTT) status information to 
the CPU. The MTTC and the CPU communicate via the 
A/Q channel for status, control information, and test, and 
via the DMA channel for data transfer. 

PHYSICAL DESCRIPTION 


The MTTC, illustrated in figure 1-1, uses the concept of 
microprogramming. It contains TTL (transistor- 
to-transistor) logic components mounted on one CYBER 
18, 11- by 14-inch (279- by 355-millimeter) printed wiring 
assembly (PWA) that occupies one A/Q-DMA slot in the 
CYBER 18 processor chassis. 

FUNCTIONAL DESCRIPTION 


The MTTC, via the magnetic tape formatter, can control 
up to four tape transports when the tape transports are 
connected in a daisy-chain arrangement (refer to figure 
1-2). A cable assembly connects the MTTC with the 
formatter. 

The MTTC, via the formatter, can handle any type of tape 
transport in any sequence of densities. It can control 
combinations of up to four MTTs having speeds of 25 or 50 
inches per second (ips), 7- or 9-track, single or dual mode, 
with densities of 556 or 800 bits per inch (bpi) for 7-tracl< 
transports, 800 bpi (NRZI) or 1600 bpi (PE) for 9-track 
transports. 

The MTTC has the following capabilities: 

• Provides interface control for one to four MTTs 
via the magnetic tape formatter 

• Decodes the CPU function codes, selects the 
MTT, and controls the tape-motion direction 

• Assembles, disassembles, and transfers data 
between the CPU and the magnetic tape formatter 

• Detects operation and transmission errors 

• Provides the processor with MTT status 

information 


• Four on-line self-tests are available for checking: 

1. Internal data paths and arithmetic logic unit 
(ALU) 

2. Internal flip-flop and jump conditions 

3. Data read via the DMA channel and data 
transmitted via the A/Q channel 

4. The A/Q channel data path 

• Off-line maintenance and test operation 

REFERENCE DATA 

Transfer Rate: 

50 ips Maximum transfer rate to the computer 

is 40 kilowords per second. 

25 ips Maximum transfer rate to the computer 

is 20 kilowords per second. 

Density; 

Low 556 bpi (7 track transport) 

800 bpi (9 track transport) 

High 800 bpi (7 track transport) 

1600 bpi (9 track transport) 

Power: +5 V at 9 amps 

Temperature: 40OF to 120°F (4°C to 49^0 

Humidity; 10 to 90 percent relative humidity with 

no condensation. 

Warm-Up Time: None 

NONOPERATING ENVIRONMENT 

Temperature; -30OF to 150°F (-220C to 65°C) 

Humidity; 5 to 95 percent relative humidity with no 

condensation. 
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Figure 1-1. Magnetic Tape Transport Controller (MTTC) 
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Figure 1-2. Typical System Configuration 
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OPERATION 


2 


This section describes the operating and maintenance 
jumpers and switches of the MTTC. The section also 
describes the programming instruction formats required 
to function the controller. 

The magnetic tape transport controller (MTTC) switch 
and jumper positions are illustrated in figure 2-1. Table 
2-1 indicates the jumper positions that designate 
subsystem address and enable/disable operational 
functions. For information on the maintenance switches 
that provide for selection of maintenance operations and 
test conditions, refer to table 2-2. 

CONTROLLER JUMPER SELECTION 


UNIT PROTECT (UPO - UP3) 

There are four unit protect jumpers, one per tape 
transport. To protect a transport, the jumper must be 
inserted. When a protected tape transport is selected, 
only status requests and protected instructions can access 
the MTTC. 

The MTTC, after being connected to a protected tape 
transport, remains in the protected state until a deselect 
instruction is received or an unprotected transport is 
selected. Jumpers UPO, UPl, UP2, and UP3 select unit 
protect function for transports MTTO, MTTl, MTT2, and 
MTT3, respectively. 


AUTOLOAD ENABLE (ALD) 

This jumper when inserted allows the MTTC to be the 
autoload controller. When this jumper is removed, the 
MTTC is disabled from performing autoload operations. 
This operation is not supported in CYBER 18 systems; this 
jumper must be removed. 


SINGLE/DUAL BUS (SB) 

This jumper when inserted indicates dual CPU access to 
the magnetic tape formatter bus. For CYBER 18 
operation, this jumper must be removed. 

BUS PRIORITY (BP) 

This jumper determines which controller gains control of 
the bus when there are simultaneous bus requests from 
both processors. Control goes to the controller that has 
the jumper removed. When operating in a dual CPU 
system, only one MTTC must have the jumper inserted. 
This operation is not supported by CYBER 18 systems; the 
jumper must be removed. 


EQUIPMENT CODE (007 - Q10) 

These four jumpers are used to represent any hexadecimal 
number from 0 to F. They are used to assign an 


TABLE 2-1. JUMPER SELECTION 




Position 

Jumper Name 

Function 

, Inserted 

Removed 

Q07 - QIO 

Determine equipment code 

Logic 1 


Logic 0 

ALO^ 

Autoload enable 

— 


— 

SB^ 

Single/dual bus access 

— 


— 

UPO - UP3 

Unit protect 

. 

Unit 

protected 


Unit 

unprotected 

SDO - SD3 

Not applicable to MTTC 

— 


— 

BP^ 

Bus priority 




JM^ 

Mode jumper 

— 


“ 

^Must always be removed for MTTC operations. 
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ON/OFF LINE MODE JUMPER (JM) 

SWITCH I 

MAINTENANCE / I TRACK DENSITY (SDO - SD3) 

SWITCHES / I AND UNIT PROTECT (UPO - UP3) 




C/Ocs - 0-1131 


-BUS PRIORITY (BP) 






.SINGLE/DUAL BUS (SB) 




mm, 

•513 • 


EQUIPMENT CODE AUTOLOAD (ALD) 
(Q7 - QIO) ENABLE 


Figure 2-1. Switch and Jumper Locations 
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TABLE 2-2. OFF-LINE OPERATIONS 


MS2 

MSI 

Off Line Operation Performed 
(LS Switch Off) 

On 

On 

Continuous write - O's 

On 

Off 

Continuous write - I's 

Off 

N/A 

Continuous read 

NOTE: 

Place LS switch on while changing 

MSI or MS2 switch conditions. 


equipment number to the MTTC. Any instruction sent by 
the computer must be accompanied by an equipment 
number (bits Q07 through QIO) that matches the setting 
of the plugs. The W field must be zero. 


the on-line mode. If the unit is write-protected, no 
writing is done. When an EOT marker is detected, the 
controller terminates tape motion and exits from the 
maintenance routine. All data transfer errors are gated 
off. 


Continuous Write Ones 

This operation is the same as continuous write zeros 
except that the data written on the tape is FFFFj^g. 

Continuous Read 

The controller continuously reads data from the tape. 
When the end of a record is reached, the controller will 
read the next record. Tape motion continues until the 
unit becomes not-ready, an EOT marker is detected, or 
the controller is placed in the on-line mode. When an EOT 
marker is detected, the controller terminates tape motion 
and exits from the maintenance routine. Data transfer 
errors and file marks are disregarded in this mode. 


CONTROLLER SWITCH SELECTIONS 


ON/OFF LINE SWITCH 

When in the on-line position, this switch enables normal 
controller operation. When the switch is in the off-line 
position, the controller is disconnected from the 
controller CPU bus and is placed in maintenance mode. 
The type of off-line operation that is performed is a 
function of the maintenance switch positions. 


MAINTENANCE SWITCHES 


Table 2-2 shows the available off-line operations selected 
by maintenance switches MSI and MS2. Switches MSI, 
MS2, and MS3 should be changed only when the on/off-line 
(LS) switch is in the on-line position. 

Switch MS3 determines the density at which the off-line 
operation is performed. MS3 on indicates low density 
operation; MS3 off indicates high density operation. 

The off-line operation is performed on the first unit that 
is ready, starting at unit 0. If no unit is ready, the 
controller aborts the off-line operation and remains busy 
until the controller is placed in the on-line mode. The 
unit on which the maintenance is to be performed should 
be made ready prior to placing the on/off-line switch in 
the off-line position. If the unit becomes not-ready 
during the maintenance operation, the operation is 
aborted. To restart the operation when the unit does 
become ready, the on/off-line switch must be set to the 
on-line position and then set again to the off-line 
position. Placing the on/off-line switch in the on-line 
position terminates the maintenance operation. The 
controller remains on bus, but a new unit select command 
must be issued. 


Continuous Write Zeros 

The controller writes a continuous record of OOOQj^g on 
the tape until an end-of-tape (EOT) marker is reached, 
the unit becomes not-ready, or the controller is placed in 


PROGRAMMING 


The MTTC communicates with the central processing unit 
via the A/Q and direct memory access channels. 


Q REGISTER 

The Q register designates the equipment to be referenced 
and specifies the operation to be performed when an input 
or output instruction is executed. The Q-register format 
is shown below: 


15 

14 

13 

12 

n 

10 

9 

8 

T 

6 

5 4 

3 

2 

1 

0 

n 



1-1 

rn 


rn 

rn 
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li 


rn 

I 




_ 
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_ 

_ 



_ 

_! 

_! 

1_ 

-w -- 

•-BSUPMENT FELO-^ 

1 

i— 

- FVJNtmON 



The W field (bits Q15 through Qll) must always be zero. 

The equipment field (bits QIO through Q07) selects the 
MTTC. These bits must match the equipment code 
setting of the MTTC. The equipment code is determined 
by jumper conditions on the MTTC assembly. 

Bits QOS and Q06 are ignored by the MTTC. 

Bits QOO through QOA specify the function to be 
performed by the controller in response to an input or 
output instruction. 

Refer to table 2-3 for the available functions and their 
corresponding codes. Any code not appearing in table 2-3 
is illegal. 

When the CPU executes output instructions with the Q 
register according to table 2-3, the controller loads the A 
register with the requested controller status. 

Codes listed in table 2-3 as illegal are rejected by the 
MTTC. Status reading and all operation initiation takes 
place via the A/Q channel. Data is transferred via the 
DMA channel. 
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TABLE 2-3. Q-REGISTER FUNCTION CODE 


Q04 

Q03 

Q02 

QOl 

QOO 

Output 

Input 

1 

0 

0 

0 

0 

Clear controller 

Dynamic status 

0 

0 

0 

0 

1 

Director function 

A-out status 

0 

0 

0 

1 

0 

First word address 

Current word status 

0 

0 

• 

0 

1 

1 

Bank select 

Current bank status 

0 

0 

1 

0 

0 

Load file address 

File status 

0 

0 

1 

0 

1 

Sense/assemble next ready 

Transport status 

0 

0 

1 . 

1 

0 

Unit select 

Illegal 

0 

0 

1 

1 

1 

Block length 

Illegal 

0 

1 

0 

0 

0 

Bus connect 

Illegal 

0 

1 

0 

0 

1 

Internal request 

Illegal 

0 

1 

0 

1 

1 

Illegal 

Illegal 

0 

1 

1 

0 

0 

Self-test 1 

Illegal 

0 

1 

1 

0 

1 

Self-test 2 

Illegal 

0 

1 

1 

1 

0 

Self-test 3 

Illegal 

0 

1 

1 

1 

1 

Self-test 4 

Illegal 


A REGISTER 

OUTPUT FROM A OPERATION 


The interrupt request command is rejected when the 
controller is busy or if a protect fault occurs. The 
controller does not become busy upon acceptance of this 
command. 


All operations initiated by an output instruction, with the 
exception of clear controller, are rejected if a protect 
fault is detected or if the MTTC is busy. Clear controller 
is rejected only if a protect fault occurs. Excessive noise 
on the A/Q channel may cause valid operations to be 
rejected. 


The conditions for interrupt selected in the interrupt 
request command remain valid for all subsequent 
instructions. Master clear, clear controller, and clear 
interrupts deselect all interrupts and deactivate the 
interrupt response. 


Interrupt Request 

The MTTC generates an interrupt for the following 
conditions: 

• End of operation (EOP) 

• Alarm 

The interrupt request command allows the CPU to select 
the conditions under which the interrupt response (signal) 
becomes active. This command is also used for clearing 
the interrupt response. The A-register format is shown 
below: 




ALARM NT. RCQ. 
EOP NT. REQ. 


►CLEAR INTERRUPTS 


Clear Interrupts 

When bit A07 is set, all EOP and alarm interrupt requests 
and status responses are cleared. Interrupt requests may 
be cleared and deselected in the same interrupt request 
command. The order of execution is to first clear all 
interrupt requests and then select them according to bits 
A05 and A04. If A07 is not set there is no change in 
interrupt select. 

Master clear and clear controller clear all interrupt 
requests and responses. Bits AOQ through A03 and AOS 
through A15 are ignored by the controller. 


EOP Interrupt Request 


When bit A05 is set an EOP interrupt is enabled. An 
interrupt is generated upon completion of an operation 
that caused the controlier to go busy. An interrupt 
becomes active approximately 2 microseconds before end 
of operation (EOP) status is set. An EOP interrupt is 
generated, if one has been requested, upon completion of 
any of the foilowing operations. 
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Director function 


• Bus connect 

• Unit select 

• Test modes 1, 2, 3, and 4 

• Assemble/sense next ready 

Once enabled in the interrupt request command, 
interrupts remain enabled for all subsequent instructions 
until disabled by clear interrupt, clear controller, or 
master clear. • 

If AOS is clear there is no change in EOP interrupt enable. 


Alarm Interrupt Request 

When bit ACI4 is set, an alarm interrupt is generated 
whenever an alarm condition is detected. The interrupt is 
sent 2 microseconds before the EOP status bit is set 
regardless of when the alarm status bit is set. If the 
alarm bit is active when an interrupt request command 
with AQ4 equal to 1 is received, an interrupt is generated 
immediately. 

If A04 is clear there is no change in alarm interrupt 
enable. 

Once enabled by the interrupt request command, alarm 
interrupt remains enabled until it is disabled by interrupt 
clear, clear controller, or master clear. 

Bus Connect • 

The magnetic tape formatter can be shared by two 
MTTCs on a common bus. When it is necessary for the 
MTTC to reference the formatter, exclusive control of 
the formatter/controller bus must first be established. 
The bus connect command is used for this purpose. The 
A-register format for bus connect is shown below: 


IS 8 7 6 _3 4_0 


W/ 





Wa 


s 


0 ^ 

m 



m 



-- FORCEO/NORMAL 


BUS CONNCCT/RELEASE 


The bus connect command is rejected if the controller is 
busy or a protect fault occurs. Acceptance of the 
command causes the MTTC to become busy until bus 
control is established. 

When the MTTC is off-bus (bus control has not been 
established) and not busy, the following commands are 
rejected: 

• Director function 

• Unit select 

• Transport status 

• Assemble/sense next ready 


Bus Connect/Release 

When bit A07 is set the MTTC establishes bus control. 
The MTTC is busy until bus control is established. The 
mode of the connect is determined by A05. 

When A07 is clear, the MTTC releases the bus. The 
controller does not go busy for bus release. Clear 
controller does not affect on-bus status. Master clear 
causes a bus release. 


Bus Connect Requests 

When the bus connect request is active, bit AOS is clear. 
The MTTC first checks bus and usage and goes busy. When 
the bus becomes available, the MTTC gains control and 
notifies the CPU by setting on-bus status and by 
generating EOP status and EOP interrupt (if EOP 
interrupt was selected). 


A force release signal from the alternate has the same 
effect on the MTTC as a master clear, except that EOP 
and alarm interrupt requests are not affected by this 
signal. They are cleared by master clear. 


Unit Select 

The unit select command is used to select one of the four 
tape transports. This command also selects operating 
conditions for the selected transport. Figure 2-2 shows 
the A-register format for unit select. Bits 4 and 5 select 
the operational unit. 

Unit select commands are rejected if the controller is 
off-bus, a protect fault is detected, or the controller is 
busy. 

Select/Deselect 

When bit AQ7 is set, the transport specified by the code 
contained by bits A04 and AOS is selected. 

When A07 is cleared, any transport that was previously 
selected is deselected. A04 and AOS have no meaning for 
deselect. The controller does not go busy for a unit 
deselect. 

A master clear deselects all units. 

If a change in operating conditions of the selected 
transport is desired, a new unit select command must be 
issued. 


BCD/Binary Select 

When bit A13 is set, binary coded decimal (BCD) format 
(7-track transport only) is selected. Data is written onto 
the tape with even parity and data read from the tape is 
checked for even parity. In BCD format, the all-zero 
character is illegal. If an attempt is made to write or 
read an all-zero character, a parity error is generated. 

When A13 is not set, binary format (7- or 9-track) is 
selected. Data is written on the tape with odd parity. 
Data read from the tape is checked for odd parity. 
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15 14 13 12 


—— BCO/aNARY SELECT 
•OENSmr W6H/L0W SELECT 


__*UNIT SELECT CODE 
0 0 UNITO 

0 1 UNIT 1 

SELECT/DESELECT 1 0 UNIT 2 

1 1 UNIT 3 
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Figure 2-2. A-Register Format for Unit Select 


For 9-track transports, A13 is ignored. Data is always 
read/written in the binary format. 

A master clear selects binary format. Clear controller 
does not affect the format selection. 


Density Hiqh/Low Select (A15) 

Bit A15 selects the higher or lower of the two available 
densities (refer to table 2-4). 


TABLE 2-4. DENSITY HIGH/LOW SELECT 



Density 

9-Track 

7-Track 

A15 

(Bpi) 

Dual Mode 

(NRZI) 

1 

Low 

800 (NRZI) 

556 

0 

High 

1600 (PE) 

800 


Density selection can be changed only when the transport 
is at beginning of tape (BOT). If the density select is 
changed when the transport is in the middle of a tape 
reel, operations continue at the previous density selection 
until the transport reaches BOT, at which time a switch is 
made to the new density selection. A master clear 
selects high density. Clear controller does not affect the 
density selection. 


When reading on a dual-mode transport, data is read in the 
NRZI mode if no identification (ID) burst is detected, or 
in PE mode if an ID burst is detected regardless of the 
state of A15. 


A PE tape without an ID burst cannot be read in-PE mode 
on a dual-mode transport. 


Bank Select 


The bank select command specifies one of four 65K banks 
in which the address of the first word of a buffer is to be 
found. The code of the bank is contained in A07 and A06. 
Figure 2-3 shows the A-register format. Bank select and 
the first word address together provide an IB-bit address, 
allowing the first word of the transferred data buffer to 
be located within 265K of memory. The bank select 
command is rejected if the controller is busy or a protect 
fault has occurred. 


Block Length 

The block-length instruction specifies the length of the 
buffer to be transferred starting at the first-word 
address. Bits 0 through 15 of the A register are used to 
specify a maximum block length of 65K. 

Bank boundaries may be crossed during data transfers. 

This command is rejected if the controller is busy or a 
protect fault occurs. 


e 8 7 6 5 0 


W/ 

p 

M 



W/ 







W/ 

w/ 




□ 



IlL« BANK CODE 


0 0 BANK 0 

0 1 BANK 1 

1 0 BANK 2 

1 1 BANK 3 
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Figure 2-3. A-Register Format for Bank Select 


2-6 


60476010 A 







Director Function 

The director function command specifies the operation 
and motion that the seiected transport is to perform. The 
director function A-register format is shown below. 
Table 2-5 details the director function codes. 


Director function commands are rejected if the controller 
is busy, off-bus, or a protect fault is detected. A master 
clear or clear controller causes all transport motion to 
cease. 

Functions listed in table 2-5 as illegal should not be used 
by the programmer. If an illegal code is received, the 
MTTC goes busy. Upon determining that the received 
code is illegal, EOP status is set followed by not busy 
status 1 microsecond after EOP. If an EOP interrupt was 
requested, an interrupt is sent to the CPU. Illegal 
director function codes act as NOPs. 

Bit A05 specifies the read threshold. If A05 is set, it 
specifies a lower threshold within the read amplifier for 


recovering errors when normal read fails. If it is not set, 
it specifies a normal read. 

Bit A07 is relevant only for write operations and specifies 
whether an odd (1) or an even (0) number of tape words is 
to be written. 

With A07 set, only the upper portion of the last computer 
word is written onto the tape. (The lower portion is not 
written). This results in a record consisting of an odd 
number of tape words. 

In this manner the record length to be written can be 
specified in tape words rather than in computer words. 

Completion of the motion function, master clear, or clear 
controller selects normal read and write even. 

The controller accepts a new motion function only after 
busy status is cleared and EOP status is set. 

Table 2-6 provides the transport stop times following read 
and write operations for 50 ips and 25 ips tape speeds. 
New motion functions in the same direction as a previous 
motion received within the stop time interval is 
performed without stopping. 

Read Data 

Two 8-bit bytes are read from the tape and assembled 
into one 16-bit computer word. Data is written into the 
memory starting at the first word address and continues 
until the number of words specified in block length has 


wRrrE OOD 

threshold low/nor mal¬ 


function CODE 
(TABLE 2-S) 


TABLE 2-5. DIRECTOR FUNCTION CODES 


A03 

A02 

AOl 

AOO 

Function 

0 

0 

0 

0 

Read data 

0 

0 

0 

1 

Space forward 

0 

0 

1 

0 

Search file mark (forward) 

0 

0 

1 

1 

Search file mark (backward) 

0 

1 

0 

0 

Back space 

0 

1 

0 

1 

Write data 

0 

1 

1 

0 

Write file mark 

0 

1 

1 

1 

Rewind 

1 

0 

0 

0 

Fixed erase 

1 

0 

0 

1 

Variable erase 

1 

0 

1 

0 

Controlled backspace 

1 

0 

1 

1 

Rewind off-line 

1 

1 

0 

0 

Illegal 

1 

1 

1 

0 

Illegal 
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TABLE 2-6. TRANSPORT STOP TIME 



Comnand 

MTT Speed 

Write 

Read 

25 ips 

15 ms 


19 ms 

50 ips 

7.5 ms 


12.5 ms 


been transferred or the end of record is reached. Upon 
acceptance of this command, the controller becomes busy 
and remains busy until the next interrecord gap is 
detected, after which EOP is set. Busy status is reset 1 
microsecond after EOP. 


If the first record following BOT is a file mark and not 
data, the controller does not continue to the next record. 


Space Forward 

The tape is moved forward until the next interrecord gap; 
if a file mark is detected, file mark status is set. Upon 
acceptance of this command, the controller becomes busy 
until the next interrecord gap or file mark is detected, 
after which EOP status is set and busy status is reset. 


Search File Mark (Forward) 

The tape is moved forward until the next file mark is 
detected. File mark status is set. The operation for EOP 
and busy is the same as for space forward. 


Search File Mark (Backward) 

The tape is moved backward to the previous file mark and 
file mark status is set. If no file mark is detected, motion 
stops at load point. The operation for EOP and busy is the 
same as for space forward. 


Backspace 

The tape is moved backward until the next interrecord gap; 
if a file mark is detected, file mark status is set. Upon 
acceptance of this command, the controller becomes busy 
until the next interrecord gap or file mark is detected, 
after which EOP status is set and busy status is reset. 


Write Data 

Starting at the first word address, 16-bit data words are 
read from the memory, disassembled into two 8-bit tape 
bytes, and written onto the tape. This process continues 
until the number of computer words specified in the block 
length have been written on the tape. If a write odd 
operation was specified (A07 = 1), writing stops after the 
upper byte of the last computer word. The lower byte is 
not written, resulting in an odd number of tape words in 
the record. This feature allows record-length specification 
to be done in tape words rather than in computer words. 


With A07 = 0, both the upper and lower portions of the last 
computer word are written on the tape. After completion 
of the write, an interrecord gap is created on the tape and 
tape motion stops. EOP and busy status operation are the 
same as for read data. 

Write File Mark 

The tape is erased forward approximately 6 inches (152 
millimeters) and a file mark is written on the tape. Upon 
acceptance of this command, the controller becomes busy. 
After writing the file mark, EOP status is set and busy 
status is reset. 


Rewind 

The tape is rewound at high speed to load point. The 
controller is busy only long enough to validate the 
command and to initiate tape motion, after which EOP 
status is set and busy status is reset. 

Fixed Erase 

A 6-inch (152-millimeter) length of tape is erased, after 
which tape motion stops. EOP and busy status operations 
are the same as for write file mark. 


Variable Erase 

Variable erase allows a variable length of tape to be 
erased. The length is controlled by the block length and is 
equal to approximately twice the block length tape words. 
Aher erasing the specified number of words, tape motion 
ceases. EOP and busy status operation are the same as for 
write file mark. 


Controlled Backspace 

This feature allows the formatter to position the tape back 
to the previous interrecord gap for a record that has just 
been written in error. The amount of tape words 
backspaced is equal to twice the length specified in block 
length. When the last tape word is backspaced, the 
formatter goes through its normal termination sequence. 
The result is the positioning of the write head 0.13 inch 
(3.3 millimeters) ahead of its original position prior to the 
erroneous record. This function provides a means of 
reversing over dropouts without possible positioning errors. 

The operation for EOP and busy status is the same as for 
space forward: 

Rewind (Off-Line) 

High-speed rewind motion to load point is initiated in the 
selected transport, after which the selected transport goes 
off-line. The controller is busy only long enough to initiate 
the rewind motion, after which the EOP status is set and 
busy status is reset. Once the rewind motion is initiated, 
the controller is able to accept motion functions to another 
transport. This command allows the rewind of one 
transport and motion functions in another transport to be 
carried out in parallel. 
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Clear Controller 

The clear controller command clears controller statuses, 
registers, interrupt requests, and responses. The A register 
contents do not affect this command. 

This command is rejected only if a protect fault occurs. 

Clear controller causes all motion (except rewind motion) 
in the selected transport to cease, but the unit select and 
on-bus status are not affected. 


Load File Address 

The load file address command specifies the address of the 
MTTC 16 register file, which will be read by a file 
registers status request. The load file address A-register 
format is shown below; 



The load file address command is rejected if the controller 
is busy or a protect fault is detected. 


Self-Test 1 

Self-test 1 causes the MTTC to check its internal data 
paths and arithmetic logic unit ALU. The lower eight bits 
of the A register specify the data that is to be transferred 
(transfer data) along the internal data paths of the MTTC. 
The upper and lower eight bits of the A register specify the 
data that is to be operated on by the ALU. The self-test 1 
A-register format is shown below; 


■TRANSFER DATA 


A UP 


A LOW 


Upon acceptance of this command, the MTTC becomes 
busy and remains busy until the internal transfers and ALU 
operations are complete. After completion, the EOF 
status is set and busy status is reset 1 microsecond later. 
If EOF status is not set within 3 microseconds, this is an 
indication that the MTTC is defective. 


the data originally sent in the upper and lower eight bits 
of the A register during self-test 1 according to the 
following equation: 

A Low = ((((A up - 1) X 2 -t- A low) -h 1 - A up)*A low) 
or A up carry-out is disregarded. 

The self-test 1 result is shown below: 


IS_8 _O 


1 

1 



1 



Self-test 1 also loads the 16 file registers in the following 
manner; 

FILE (0) = Transfer data + 

FILE (1) = Transfer data 
FILE (2) = Transfer data + 1 
FILE (3) = Transfer data +2 
FILE (4) = Transfer data + 3 
FILE (5) = Transfer data -t- 4 
FILE (6) = Transfer data ^ 5 
FILE (7) = Transfer data + 6 
FILE (8) = Transfer data + 7 
FILE (9) = Transfer data + 8 
FILE (A) = Transfer data + 9 
FILE (B) = Transfer data + A^g 
RLE (C) = Transfer data + 

FILE (D) = Transfer data + C^g 
FILE (E) = Transfer data + 

FILE (F) = Transfer data -i- E^g 

In general, FILE (N) contains the transfer data plus (n-1), 
except FILE (0), which contains transfer data plus Fjg. 

After reading A-out status, the contents of the 16 file 
registers should also be read and examined for the proper 
data. 

Self-test 1 must be preceded by a clear controller 
command. 


After the busy status is reset, the A-out status should be 
read to determine the success of the test. The upper eight 
bits of the A register should contain the same data as that 
was originally sent in the lower eight bits of the A register 
in self-test 1, plus F^g. The lower eight bits should 
contain an expected result, which is a function of 


Self-Test 2 

Self-test 2 checks the MTTC internal flip-flops, jump 
conditions, and dynamic status flip-flops. The A register 
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is not used for the self-test 2 command. Upon acceptance 
of this command, the controller becomes busy until the 
test is completed, after which EOP status is set. Busy is 
cleared 1 microsecond later. If EOP is not set 3 
microseconds after the controller becomes busy, this is an 
indication that the controller is defective. 

Prior to the execution of self-test 2, a clear controller 
command should be issued to ensure that all dynamic 
status flip-flops are in their quiescent state. Figure 2-4 
illustrates the dynamic status after execution of clear 
controller and self-test 2. 

When the test is complete (busy status reset), A-out status 
should be read immediately after the completion of the 
test to determine if the test is successful. A-out status 
ACED]^6 indicates that the test is successful. A-out 
status DEADi 5 or any other status indicates that the 
controller is defective. 

If A-out status gives the successful result (ACED^g), 
dynamic status should be read and compared to bit box B 
in figure 2-4, If these are not identical, the controller is 
defective. 


IS 

14 

13 

12 


10 

9 

8 



s 

4 

3 

2 

1 

0 

N/A 

N/A 

N/A 

N/A 

lIj 

H 

L°J 

LJ 

[1j 

lLi 

N/A 

N/A 

L°J 

li 

L°J 

N/A 


A. AFTER CLEAR CONTROLLER 


IS 

14 

13 

12 

it 

10 

9 

a 

7 6 

S 4 

3 

2 

1 

0 

N/A 

N/A 

N/A 

Q 

E 

□ 

□ 

□ 

1 1 0 

N/A jN/A 

□ 

E 

0 



B. AFTER SELF-TEST 2 
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Figure 2-4. Dynamic Status 


Self-test 3 must be preceded by a clear controller 
command. Self-test 3 is rejected if the controller is busy 
or a protect fault is detected. 


Self-Test 4 

Self-test 4 checks the A/Q channel data path of the 
MTTC by reading data via the A/Q channel and writing 
the same data via the DMA channel. With the Q register 
loaded according to table 2-3, execution of an output 
instruction causes the MTTC to read the data contained in 
the A register and then write it into memory at the 
address specified by the first word address and bank 
select commands. 

Upon acceptance of this command, the controller 
becomes busy and remains busy until the transfer into 
memory is complete, after which EOP status is set; busy 
status is reset 1 microsecond later. The CPU should then 
compare the word written into the memory by the MTTC 
with the one originally sent via the A/Q. If they are not 
identical, the controller is defective. 

Self-test 4 must be preceded by a clear controller 
command. Self-test 4 is rejected if the MTTC is busy or a 
protect fault is detected. 

Assemble/Sense Next Ready 

The assemble/sense next ready command has two modes 
of operation selected by bit 15 of the A register. With 
A15 set, the assemble mode is selected. This allows the 
CPU to receive information about the ready status of 
each of the four units. With A15 clear, the sense mode is 
selected. This mode allows the CPU to receive 
notification when a change in the ready status occurs. 
Figure 2-5 shows the A-register format for 
assemble/sense next ready. 


Since after the execution of self-test 2, the dynamic 
status does not indicate the true status of the controller, 
a clear controller command should be issued before 
performing any further operations. 

Self-test 2 is rejected if the controller is busy or a 
protect fault is detected. 


Self-Test 3 

Self-test 3 checks the capability of the MTTC to read 
data via the DMA channel and transmit data via the A/Q 
channel. With the Q register loaded according to table 
2-3, execution of an output instruction causes the MTTC 
to read data from the memory at the location specified by 
the first word address and bank select commands, and 
write the data into the MTTC A-out register. 

Upon acceptance of the output instruction command, the 
controller becomes busy and remains busy until the 
operation is complete. EOP status is reset 1 microsecond 
after EOP. 

After completion of the output instruction command, 
A-out status should be read. The A-out status should be 
compared with the original contents of the address 
specified by the last word address and bank select. If 
these two are not identical, the controller is defective. 



0 = UNIT NOT READY 
1 = UNIT READY 


^RELEVANT FOR SENSE NEXT READY ONLY (A15 - 0). 
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Figure 2-5. A Register Format for 
Assemble/Sense Next Ready 


Assemble Ready Status 

With the Q register loaded according to table 2-3 and A15 
set to 1 (all other bits of the A register are irrelevant), 
execution of an output instruction causes the MTTC to go 
busy and sample unit ready status of each of the four 
MTTC units. The assemble status is then written into the 
register file at address Ej^g. The processor can read 
this status by executing a load file address command 
specifying file address E^g and then reading file status. 
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Figure 2-6. Read Status Format 


Figure 2-6 illustrates the ready status format that is 
contained in file address after execution of the 

assemble ready status command. 

After execution of the command, all units are deselected, 
although controller protected status is not affected. The 
CPU must issue a new unit select command. 


Sense Next Ready 

This command allows rewinding to be performed in 
parallel (overlap rewind) with the CPU receiving 
notification (EDP interrupt) of the completion of each 
rewind by detecting any change in the unit ready status of 
the four units (that is, a unit that was previously not 
ready becoming ready). With the Q register loaded 
according to table 2-3 and with A15 reset to 0, bits 0 
through 3 of the A register specify the initial unit ready 
status. Each bit corresponds to one of the units (AGO is 
unit 0, AOl is unit 1, A02 is unit 2, and A03 is unit 3). 
Upon acceptance of this command, the controller 
becomes busy and samples the ready status of each of the 
four units. The result of this sampling is then compared 
with the unit ready status originally received via the A 
register. The sample and compare operation continues 
until the original unit ready status and the actual 
(sampled) unit ready status are not equal, indicating that 
one or more of the units that was previously not ready has 
become ready, or vice versa. 

EOP status and EOP interrupt, if requested, are generated 
when a change in the ready status is detected. Busy 
status is then reset 1 microsecond after EOP. After 
completion of this command, file address E^^ contains 
the sampled status in which the change from the original 
was detected. The CPU should read this status to 
determine which of the units has become ready. 


Execution of the sense next ready command causes all 
units to be deselected although controller protected 
status is not affected. The processor must issue a new 
unit select command. 

The sense next ready command can be used for detecting 
either the completion of a rewind operation or the 
mounting of a new tape reel on one of the transports. 
When used together with the rewind command, the sense 
next ready command detects the completion of the rewind 
operation. When used with the rewind off-line command, 
the sense next ready command can detect when the 
operator mounts a new tape reel on the transport and 
manually places the transport on-line. 

The assemble/sense next ready command is rejected if the 
controller is off-bus, the controller is busy, or a protect 
fault is detected. 


INPUT TO A OPERATIONS 

With the Q register loaded according to table 2-3, 
execution of an input instruction causes the controller to 
load the A register with the desired controller status. All 
status requests except dynamic status requests are 
rejected if the controller is busy. 

Figure 2-7 shows the A-register format for status 1. 
Status 1 requests are always accepted. 

Unit Ready Bit 

If AGO is set, the selected transport is ready to receive 
commands. AOG not set indicates that the selected 
transport is either rewinding or off-line. 


BUS BUSY 


IS 14 13 12 11 10 9 3 7 


5 4 3 2 1 




UNIT READY 


CONTROLLER PROTECTED —^ 

WBTSTROBE»-1 

ON-BUS-1 

CORRECTED ERROR- 

LWD (SET BY FIRMWARE-LAST WORDI*- 


-CONT. BUSY 

INTERRUPT RESP. 

-ALARM 

-FBY (FORMATTER BUSY)^ 

-FPT (FILE PROTECT-NO WRITE RINGI^ 


FILE MARK -' 

EOP • 


- ERS (SET BY FIRMWARE-ERASE)' 

ENO-OF-TAPE 


’these bits are AVAILABLE AS DEFINED IN THE STATUS 1 WORD AND ABE USED BY THE FIRMWARE TO 
DETERMINE THE OUTCOME OF OPERATIONS INTERNALLY. THEY ARE NOT CONSIDERED USEFULL FOR 
SOFTWARE PURPOSES AND SHOULD BE MASKED OUT IN NORMAL OPERATIONS. 
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Figure 2-7. A-Register Format for Status 1 
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The following conditions should exist for the unit to be 
ready; 

• All interlocks are satisfied 

• Initial load or rewind sequence is completed 

• Transport is on-line 

• Transport is not rewinding or unloading 

If the unit becomes not ready during any motion function 
except rewind, the motion terminates and the alarm 
status becomes active. 


Controller Busy 

When bit AOl is set, the controller is busy upon 
acceptance of the following commands; 

• Unit select 

• Bus connect 

• Director function 

• Test modes 1, 2, 3, and 4 

• Assemble/sense next ready 

All commands to the controller except clear controller 
and dynamic status requests are rejected when the busy 
status is set. 

The busy status is cleared by the completion of the 
command, which caused the controller to become busy. A 
master clear controller also clears the busy status. 

End-of-Operation 

When EOP status (AOS) is set, it indicates that the 
previous operations have been completed. 

EOP status is reset approximately 1 microsecond after 
busy status is set and becomes set 1 microsecond before 
busy status is reset. 

No new motion commands are accepted by the controller 
when it is busy. When EOP is set, it indicates that the 
controller will finish its current operation within 1 
microsecond. 

An EOP interrupt, if enabled, is sent to the CPU 1 
microsecond before EOP status is set. 


Interrupt Response 

If bit A02 is set, the MTTC's interrupt signal is active. 
A02 is reset by clear interrupts, clear controller, and 
master clear. 


File Mark 

File mark status (A09) is set whenever the read head of 
the selected transport detects the code of a file mark 
during a read, space, write file mark, or search file mark 
operation. 


End-of-Tape 

EOT (end-of-tape) status (A07) is an indication that an 
end-of-tape marker was detected by the sensor. This is a 
warning that there is only approximately 18 feet (5.5 
meters) of tape left on the reel. EOT can occur only 
during forward tape motion. 

EOT status becomes active and causes alarm status to 
become active approximately 3 microseconds before the 
end of the current operation regardless of when the end of 
the tape marker was detected. An alarm interrupt is 
generated 2 microseconds after alarm status if alarm 
interrupt was enabled. 

Once an EOT marker is detected, the transport continues 
sending EOT status until the EOT marker passes under the 
sensor in the reverse direction. Consequently, all director 
function operations initiated in the tape region following 
the EOT marker terminate with alarm and EOT status. 


Corrected Error 

Bit All becomes set whenever a single-channel dropout 
has been detected during a data transfer and the 
formatter performed an error correction. This status 
serves only as a warning since the data is correct. 

Acceptance of a new motion function, clear controller, or 
master clear resets the corrected error status. 


Alarm (A03) 

A03 becomes active when an uncorrectable error occurs 
during a data transfer or conditions arise that require 
external intervention. Bus relinquish, ready, EOT status 
bits, and alarm status should be checked to determine the 
cause of alarm (note that the alarm status word may be 
checked only after the controller becomes not busy). 

Any alarm condition except EOT causes a termination of 
the data transfer. 

During write operations the record being written is 
terminated immediately after the error condition is 
detected, resulting in a shorter record than requested. 
The controller becomes not busy and the tape motion 
ceases after the appropriate post record delay. 

During read operations DMA data transfers ceases 
immediately after the detection of the error, but the 
controller remains busy and tape motion continues until 
the next interrecord gap. 

If alarm interrupt was enabled, an alarm interrupt is sent 
to the CPU approximately 1 microsecond before EOP 
status becomes active regardless of when alarm status 
became active. 

The alarm status bit and the alarm status word are reset 
upon acceptance of any new command that causes the 
controller to become busy. Clear controller master clear 
does not clear the alarm status word. 


On-Bus and Bus Busy 

On-bus and bus busy status bits (A12 and A15) together 
determine the status and usage of the 
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TABLE 2-7. FORMATTER/CONTROLLER BUS STATUS 


Bus Busy 

On Bus 

Formatter/Controller Bus Status 

0 

0 

The bus is not being used by either MTTC 

0 

1 

This MTTC has control of the bus and can access the formatter. 

1 

0 

The other MTTC has control of the bus. 

1 

1 

This MTTC has control of the bus, and the alternate controller is 
sending a bus request. This condition generates an interrupt if 
alternate bus request interrupt is selected. 


formatter/controller bus according to table 2-7. These 
status conditions are not supported by CYBER 18 systems. 

Unit select, director function, and transport status 
requests are rejected if on-bus status is not set. 

On-bus status is cleared when; 

• A bus release command is accepted 

• A bus is relinquished due to a bus force from the 
other CPU 

• A master clear is generated 

Bus busy is reset when the alternate controller releases or 
relinquishes the bus. 


Controller Protected 

Bit A14, when active, indicates that a protected transport 
is selected. The controller rejects all unprotected output 
instructions. Unprotected status requests are accepted. 

Deselecting the protected unit or selecting an 
unprotected unit clears A14. 


Alarm Status 

Figure 2-8 shows the alarm status A-register bit 
assignments. The alarm status word is valid only when 
the alarm status bit of dynamic status is active. 

The alarm status word is cleared by the acceptance of any 
new command that causes the controller to become busy. 
Clear controller or master clear does not clear the alarm 
status word. 

Alarm status requests are rejected if the controller is 
busy. Alarm status resides in the MTTC register file in 
address Bj^g and A]^^. To read alarm status, A^g 
should be loaded by a load file address command, and then 
the status of the file registers should be read. 


ESQ through ESA 

ESO through ESA are uncorrectable hard errors that occur 
during data transfers. The transfer is terminated when 
one of these errors is detected. ESO may occur during 
space, search, file mark, or read operations when no 
characters are detected within 25 feet of tape movement 
after initiation of the motion. Table 2-8 shows the 
meaning of ESO through ESA for both tape formats. 


15 14 13 12 II 10 9 8 7 6 5 4 3 2 10 
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TABLE 2-8. ESO THROUGH ES4 ALARM STATUS 



9-Track 

Phase Encoding 

7-Track or 9-Track 

NRZI 

ESO 

False preamble or postamble 

VRC error 

ESI 

Skew error or buffer overflow 

CRC error 

ES2 

Multichannel dropout 

LRC error 

ESS 

Parity error 

Not assigned 

ES4 

No character read in 25 feet (7.62 meters) 

No character read in 25 feet (7.62 meters) 


Fill 

Bit A05 is set if an odd number of bytes are read from the 
tape during a read operation. The controller fills the 
lower portion of the last word transferred into the 
memory with random data. Fill status is an indication 
that the last byte transferred into the memory originated 
from the controller, not the tape. 

Formatter Reject 

Bit A06, when active, indicates that the formatter 
rejected a command from the controller. 

The following conditions activate the formatter reject; 

• Reverse commands to a transport at BOT 

• Write commands to a transport unit not having a 
write-enable ring inserted 

Bus Relinquish 

Bit A07 is set if bus control was relinquished by the 
controller in response to a bus-force signal from another 
controller. 

The bus relinquish status bit has precedence over all other 
alarm status bits. If A07 is active, all other bits should be 
disregarded. 

This condition is not supported by CYBER 18 systems. 

Lost Data 

Bit AQ8 is set if an attempt is made to transfer data at a 
faster rate than the controller can handle. 


Memory Protect Fault 

Bit A09 is set if a transfer initiated by an unprotected 
instruction attempts to write data into a protected area 
of memory. The original contents of the memory are not 
changed. 


Memory Address Error 

Bit AlO is set if an attempt is made to reference a 
nonexistent memory bank. 


Memory Parity Error 

Bit All is set if a parity error occurs during a read from 
memory. 


Transmission Parity Error 

Bit A12 is set if a parity error is detected during a data 
transmission between the formatter and controller. 

Transport Status 

The transport status describes the physical configuration 
and operating conditions of the selected transport. Figure 
2-9 shows the A-register transport status bit assignments. 

Transport status requests are rejected if the controller is 
off-bus or the controller is busy. 

The transport mode code and speed option statuses are 
sampled during selection of the unit. If the unit is 
off-line when the transport is selected, reading transport 
status does not give the correct status for the previously 
mentioned status bits even though the unit may have been 
placed on-line. Transport status requests should be 
preceded by a unit select command to ensure that the 
status is correct. 


NRZI 

Bit AOl, when active, indicates that the selected 
transport is in the NRZI operating mode. When not active, 
the selected transport is in the PE operating mode. 

Speed Option 

Bit A02, when active, indicates the selected transport is 
operating at 50 ips. When A02 is inactive, the selected 
transport is operating at 23 ips. 
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Figure 2-9. A-Register Transport Status 


Transport Mode Code 

Bits A03 and A04 describe the physical configuration of 
the selected transport. Table 2-9 defines the code. 


TABLE 2-9. TRANSPORT MODE CODE 


A04 

A03 

Transport Description 

0 

0 

7-track NRZI 

0 

1 

9-track dual mode (PE or NRZI) 

1 

0 

9-track NRZI 

1 

1 

9-track PE 


Rewinding 

Bit A08 is set whenever the selected transport is 
performing a rewind operation. A08 is cleared upon 
completion of the rewind. 

Load Point 

Bit A09, when active, indicates that the sensor of the 
selected transport is over a BOT reflective marker. 

Write Protected 

Bit AlO, when active, indicates that the tape reel 
mounted on the selected transport does not have a 
write-enable ring inserted. Write, erase, or write file 
mark commands are rejected by the formatter. 

Deselect 

Bit A14, when active, indicates that no unit has been 
selected. 

Off-Line 

Bit A15, when active, indicates that the transport is 
off-line. 


Current Bank Status 

The lower two bits of the A register are filled with the 
code of the memory bank that was last referenced. The 
upper bits of the A register are filled with zeros. 

This request is rejected if the controller is busy. 


Current Word Status 

This status provides the address of the last memory 
reference plus 1 (LWA + 1). 

This request is rejected if the controller is busy. 

Block Length Status 

The block length status indicates how many data words 
remain to be transferred when the data transfer is 
terminated or when the end of record is reached. Block 
length status is resident in the MTTC register file at 
addresses 8 and 9 and is read in the same manner as alarm 
status. After a data transfer operation, the block length 
status specifies the number of words that remain to be 
transferred minus 1 (for example, if lOOj^g words 
remain to be transferred, block length status is FFj^g). 
If the entire block length has been transferred, block 
length status is FFFF^g- 

A-Out Status 

A-out status is used for reading the results of the MTTC 
self-tests 1, 2, and 3. After execution of one of these 
self-tests, the result resides in the MTTC A-out register. 
Since the A-out register is also used for sending other 
data on the A-lines, self-test results should be read 
directly following the execution of the self-test to ensure 
that the result is not lost. 


File Register Status 

File register status requests allow the contents of the 
MTTC internal 16 register file to be read. The file 
address is specified by the load file address command. 
Since the file is 8 bits wide, two consecutive file words 
are loaded into the A register. The lower portion of the A 
register is loaded with the contents of the file at the 
address specified by the load file address command. The 
upper portion of the A register is loaded with the contents 
of the specified file address plus one. 
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Table 2-10 specifies the usage of the file registers. 

LRC and CRC Status 

After an NRZI read operation, file addresses 12 and 13 
contain the CRC and LRC characters whenever the entire 
record was read. This status is read in the same manner 
as alarm status. 


TABLE 2-10. FILE USAGE 


File Address 

Usage 

REG. 1 + 0 

Return address^ 

REG. 3 + 2 

N/A 

REG. 5+4 

Interrupt storage^ 

REG. 7+6 

Transport status 

REG. 9+8 

Block length 

REG. B + A 

Alarm status 

REG. 0 + C 

CRC character LRC character 

(NRZI read) (NRZI read) 

9 track only 7 and 9 track 

REG. F + E 

N/A Ready status 

^Used for internal firmware operations only. 
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INSTALLATION AND CHECKOUT 
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Refer to the CYBER 18 Computer Systems with MOS 
Memory Installation Manual for installation of magnetic 
tape transport subsystems. 
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THEORY OF OPERATION 


4 


The magnetic tape transport controller (MTTC) provides 
the interface between the CYBER 18 Computer and the 
DZIOI-A Magnetic Tape Formatter. The formatter in turn 
controls up to four magnetic tape transports. 

The CYBER 18 sends functions or status requests to the 
MTTC via the A/Q channel. The functions received from 
the CYBER 18 are decoded by the MTTC. If the function 
requires the operation of the tape transport, the MTTC 
issues the appropriate command to the formatter. The 
formatter in turn transmits proper control signals to the 
transport to perform the operation. The MTTC is a 
microprogrammed controller. The hardware is of a general 
nature with the firmware providing the interface to the 
formatter. The controller contains on one standard PWA 
board: a lK-by-16-bit PROM, an ALU for performing 
logical and arithmetic operations, a 16-by-8-bit register 
file, auxiliary registers, and other random logic necessary 
to read, decode, and execute microinstructions. Figure 4-1 
illustrates the common device controller block diagram. 

Data transfers between the CYBER 18 and the controller 
are made via the DMA channel. Control and status 
information is via the A/Q channel. 

FORMAT/CONTROLLER 
INTERFACE SIGNALS 

The following subsection describe the controller/formatter 
interface signals. All formatter and controller pulse 
signals are latched by the controller. The output from the 
latches are then input to jump condition multiplexers. 
Level signals are also input directly to jump condition 
multiplexers. 

TRANSPORT ADDRESS (TADO, TADI) 

These lines determine which one of the four transports has 
been selected for operation with the formatter. The codes 
correspond to the transport select lines as follows: 

TADO TADI TRANSPORT UNIT SELECTION 

False False Unit 0 select 

False True Unit 1 select 

True False Unit 2 select 

True True Unit 3 select 


INITIATE COMMAND (GO) 

This is a pulse that Initiates the commands specified by the 
command lines. The information to the command lines is 
transferred to the relevant command registers on the 
falling edge of the GO pulse. If the formatter and the 
selected transport are ready, the command is accepted and 
FBY (formatter busy) is set (active). 


COMMAND LINES 

The levels of these lines specify a command to the 
formatter. They are transferred to a command register on 
the trailing edge of the GO pulse. The levels should be 
held ready for 0.5 microseconds immediately before and 
after the trailing edge of the GO pulse. The command 
lines are as follows: 

• REV • ERASE 

• VW^T • THR 

• VFM • SPM 


REVERSE/FORWARD (REV) 

This Iqvel if active specifies reverse tape motion, and if 
inactive, specifies forward tape motion. 

WRITE/READ (WRT) 

This level if active specifies the write mode of operation 
and if inactive specifies the read mode of operation. 

WRITE FILE MARK (WFM) 

If this level is active along with active WRT, it specifies a 
file mark to be written on tape. 

ERASE (ERASE) 

If this level is active in conjunction with WRT being active, 
it causes the formatter to execute a pseudo write 
command. A length of tape as defined by last word (LWD) 
will be erased. 

Alternately, if the ERASE, WRT, and WFM command lines 
are all active, the formatter writes a fixed erase gap of 
approximately 6 inches (152 millimeters) of tape. 

THRESHOLD (THR) 

If the level of this line is active in conjunction with WRT 
being false, it specifies the read recovery mode. The read 
recovery mode specifies a lower threshold within the read 
amplifiers as defined by the threshold control. 

SPACING MODE (SPM) 

This level is active whenever a spacing operation is to be 
performed. Read strobe (RSTR) is not transferred over the 
read data bus lines to the controller during this mode of 
operation. A combination of write, reverse, and spacing 
mode causes a backspace until LWD goes active. During 
this time, write current is off in the selected tape unit. In 
this mode, only the tape runaway error is enabled. 
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Controller Block Diagram 


























































REWIND (REW) 

When this pulse is active it causes the selected transport to 
revert to the off-line mode. 


OFF-LINE (OFL) 

This pulse, when active, causes the selected transport to 
revert to the off-line mode. It is redesignated as NR (not 
ready) at the transport interface. Issuing REW and OFL 
commands simultaneously causes the transport to rewind to 
beginning of tape (BOT) and go off-line. 

LAST WORD (LWD) 

When this level is active during a write or erase command 
indicates that the next character to be transferred is the 
last character of the tape record. This level should be set 
active at the time the last data character is placed on the 
interface lines. 


FORMATTER ENABLE (FEN) 

This level when false causes the formatter to reset to its 
quiescent state. This line may be used to clear the 
formatter if controller power is lost or other unusual 
conditions are encountered. 


WRITE DATA LINES (WO THROUGH W7 AND WP) 

The eight write data iines, WO through W7, are used to 
transmit data from the controller to the formatter. The 
formatter normally generates the parity bit (WP). A 
jumper option on the board allows the controller bit to be 
used as the parity bit, while the formatter checks it for 
proper parity. In the case of externally (controller) 
generated parity, an error status (TFER) is set if incorrect 
parity is sensed. WO corresponds to the least significant 
bit, and W7 to the most significant bit of each character. 

The first character of a record should be available on these 
lines less than 40 character periods after data busy (D8Y) 
goes active until the trailing edge of the first write strobe 
(WSTR) issued by the formatter. The next character should 
be placed on the lines within one half of a character period. 

Subsequent characters of a record are transferred in this 
manner until LWD is set active by the controller when the 
last character is transmitted. 


LOW DENSITY (DEN) 

This level when active selects the lower of two 
predetermined densities in a dual-mode transport during 
write operations and for all NRZI 7-track read/write 
operations. 

ACKNOWLEDGE (ACK) 

This pulse is used to acknowledge the transfer of data 
during a read or write operation. 

During a write operation, the ACK signal should be used to 
acknowledge the data request as signified by the write 
strobe signal (WSTR). ACK indicates that the controller 
has accepted the last write strobe and is waiting for the 
next strobe. 


During a read operation, the ACK signal should be used to 
indicate the readiness of the controller to receive data 
from the formatter. ACK indicates that the controlier has 
accepted the last byte and is ready for a read strobe for 
the next byte. 


INTERFACE OUTPUTS 
(FORMATTER TO CONTROLLER) 


FORMATTER BUSY (FBY) 

This level becomes active on the trailing edge of the GO 
pulse if the command issued by the controller is accepted 
by the formatter. The level remains true until the 
appropriate post-record deiay has elapsed, after which the 
formatter is available to accept another command. The 
off-line and rewind commands cause the formatter to go 
busy long enough to validate the command or to complete a 
write jog if the write electronics are on. 


IDENTIFICATION (IDENT) 

This level goes true to identify phase encoded tapes. If an 
identification burst is detected as the BOT marker passes 
over the read head, this line is set true for a short period 
(approximateiy 40 through 64 character times). This line is 
timeshared with check character gate (CCG), 

CHECK CHARACTER GATE (CCG) 

This level brackets the CRC and/or LRC check characters 
on the read data lines during NRZI transport operations. 
The signai line is timeshared with IDENT. The lines can be 
used to distinguish data and check information by gating 
read strobes with CCG or its complement. 

HARD ERROR (HER) 

When this pulse or level is active it indicates that an 
uncorrectable read error has been detected by the 
formatter. The HER pulse should be used to sample the 
error status (ESO through ES4) lines. 

ESO through ES4 indicates the detected error that caused 
the hard error (HER) indication. The status lines are 
defined as follows: 


1600 PE 


ESO 

False preamble or postamble 
detected 

ESI 

Skew error or buffer overflow 

ES2 

Multichannel dropout 

ES3 

Parity error during read after write 
or without associated channel 


dropouts 

ES4 

No character read in 25 feet (7.62 
meters) 
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• NRZI 


ESO 

VRC error 

ESI 

CRC error 

ES2 

LRC error 

ES3 

Not assigned 

ES4 

No characters read in 25 feet (7.62 
meters) 

CORRECTED ERROR (CER) 

This line is set active (pulsed) when a single channel 
dropout has been detected and the formatter is performing 
error correction. 


FILE MARK (FMK) 

This line is set active (pulsed) whenever the formatter read 
logic has detected a file mark. This may be during any 
read forward, read reverse, or read after write file mark 
commands. 


TRANSPORT STATUS AND CONFIGURATION 

These lines indicate the relative status or configuration of 
the selected transport; their definitions are identical to the 
definitions in the transport to formatter input description. 
These lines are as follows: 


Transport Status 

RDY 

Ready 

ONL 

On-line 

RWS 

Rewinding 

FPT 

File protect 

LDP 

Load point (BOT) 

EOT 

End of tape 

Configuration 

MOPl - 

Mode option 1 

MOP2 - 

Mode option 2 

SOP - 

Speed option 


WRITE STROBE (WSTR) 

This is a pulse generated for each data character to be 
written on tape. The write data lines (WO through W7 and 
WP) are sampled by WSTR and are transferred into the 
write register of the formatter. 

The first character must be available before the first WSTR 
is generated, and subsequent characters must be set up 
within one half of a character period after the trailing 
edge of each WSTR pulse. 


Data transferred during erase commands, while the WSTR 
is still active, is ignored by the formatter. 

READ STROBE (RSTR) 

This is a pulse level that identifies each read character on 
the read lines (RO through R7 and RP). RSTR pulses are 
nominally spaced at character intervals but vary due to 
skew and speed fluctuations. The RSTR pulse should be 
used to sample the read data lines. 


READ DATA (RO THROUGH R7 AND RP) 

These levels are used to transmit the data from the 
formatter to the controller during a read operation. Each 
character should be sampled during the RSTR pulse time. 

COMMAND REJECT (CRJ) 

The command reject signal (pulse) is used to signify those 
commands that the formatter or transport cannot logically 
perform or respond to at this time. The following 
conditions cause the reject command signal to be active: 

• Commands to a transport unit that is busy 

• Reverse commands to a transport unit at BOT 

• Write command issued to a transport not having a 
write-enable ring installed 

• Read forward or space forward commands issued 
to a transport having a write WCON status 
condition (reading with write current on) 

• Write and reverse commands issued at the same 
time unless spacing mode (SPM) is active 


DATA TRANSFER ERROR (TFER) 

When active this signal level indicates the controller failed 
to acknowledge the data request or transfer during either a 
write or read operation. This signal level is also used 
during a write operation to indicate the incorrect 
data/parity transfer from the controller for data bus 
options that include the parity bit. 


READ MODE STATUS (RDM) 

VJhen active this signal level indicates that the formatter is 
performing a read operation (not writing or spacing). 

NRZI MODE (NRZ) 

When active this signal level indicates that the selected 
transport is in the NRZI operating mode. 


7 TRACK (7-TR) 

Mien active this signal level indicates that the selected 
transport is a 7-track unit. 
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MICROPROGRAMMING CONCEPT 


INITIALIZATION 

Power on, master clear, or clear controller clears the 
program counter (PC). Upon completion of the master 
clear or clear controller pulse, microcode execution of the 
master clear routine, whose starting address is zero, 
commences. Three possible conditions can reset the PC to 
zero: 

• Master clear (power ON or from panel) 

• Clear controller 

• Force bus release 

The master clear routine determines the reason for the PC 
reset so that appropriate action may be taken. First, the 
force bus line is sampled and, if active, a branch is made to 
a bus relinquish routine that sets bus relinquish status and 
alarm status. Next, the ROM execute flip-flop (ROM 
EXEC F/F), which is used to inform the microcodes that an 
A/Q command has been received from the processor, is 
sampled. The ROM EXEC F/F being active indicates that 
a clear controller command has been received. This causes 
a branch to a body of code that resets statuses not cleared 
by the clear controller pulse and issues a reply. If neither 
ROM EXEC or bus force are active, the reason for the PC 
reset is assumed to be master clear. For all three PC reset 
conditions, the program flows through the terminate busy 
routine. This is an initialization routine that sets the 
proper statuses and operating flip-flops. Control then 
passes to the waiting loop. 


A/Q WAITING LOOP 

The controller initiates all of its operations, with the 
exception of dynamic status requests and clear controller, 
from the waiting loop. This loop continuously samples the 
following jump conditions: 

• A/Q execute flip-flop set - This flip-flop is set 
whenever an A/Q command, with Q04 = 0 and the 
proper equipment code are received. 

• Autoload line active - This line is activated 

whenever the autoload switch is pushed. (Not 
supported by CYBER 18.) 

• On/off-line switch - \Mienever the off-line 
maintenance switch is placed in the off-line 
position this line goes low (active). 

• Alternate bus request line active - If the 

controller is on bus, and alternate interrupt was 
requested, an interrupt is generated. (Not 

supported by CYBER 18.) 

Whenever any one of the above conditions is active, an exit 
is made from the waiting loop and the required action is 
performed. All actions are terminated by a return to the 
waiting loop. 


A/Q EXECUTE 

The function code Q-bit lines QOO through Q04 together 
with the WRITE signal are one input to the A-bus selector. 
When the A/Q execute flip-flop is detected as being active 
by the waiting loop routine, the Q input to the A bus 
selector is complemented, masked, and loaded directly into 
the PC. This preload causes a 32-way microprogram 
branch. Each of the 32 branch locations contains the 
starting address of the routine, which performs the 
function whose code is found in QOO through Q04. 

Not all of the 32 function codes are valid. The branch 
location of illegal codes contains a jump to the reject • 
routine. This routine issues a reject and then jumps back 
to the waiting loop. 

The following is an example of the preload. The first word 
address function (Q=60(2)) is received. Since this function 
is initiated by an output instruction, the WRITE signal is 
active. The complemented Q input to the A-bus selector is 
shown below. 

MSB LSB 

7 6 5 4 3 2 10 


I I I |Q04lQ03 |Q02 |qo1 |qOO 
L LHHLLHL 


Bits 6 and 7 are always low, bit 5 is high because the 
WRITE signal is active; bit 4 is made high by a 
program-mask operation; bits 3, 2, and 0 are low; and bit 1 
is high. When this code (32^6) is loaded into the PC, a 
branch is made to ROM location 32j^6, which contains a 
branch instruction to the start of the first word address 
routine. Bits 8, 9, and 10 of the PC are set to zero by the 
hardware for the preload operation. 

The routines for executing each one of the A/Q functions 
can be divided into two categories: those that cause the 
controller to go busy, and those that do not. 

NOT-BUSY ROUTINES 

Routines that do not cause the controller to go busy (such 
as first word address) are checked for legality to determine 
whether they will be accepted (replied to) or rejected. 
Once a reply or reject is issued, a jump back to the waiting 
loop is made. 

The following conditions cause the reject to be active: 

• Commands to a transport that is busy 

• Reverse commands to a tranport at BOT 

• Write commands to a transport that does not have 
a write-enable ring installed. 


First Word Address (CWA) 

The data received from the CPU is transferred from the A 
lines (lower and upper) of the A-bus selector via the ALU 
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to the CWA registers (CWAU and CWAL). These registers 
provide 16 bits of the address during the DMA transfer 
operations. At the completion of a DMA transfer, the 
CWAL register is incremented. Overflow from CWAL 
increments the CWAU and overflow from the CWAU 
increments the CWAL. 


Bank Select 

Bits 6 and 7 of the A lines are transferred into the CWA 
upper upper (CWAUU) register of the CWA register. This 
register selects one of four 65K memory banks. 


Load File Address 

The lower 8 bits of the A lines are transferred to the B 
register. When the file status is requested, the contents of 
the B register are moved to the file address register. 


Block Length 

The data received on the A lines is complemented and 
transferred to file address 8 and 9. File address 8 contains 
the lower 8 bits, and address 9 contains the upper. During 
data transfers, file address 8 is incremented. If there is a 
carry out, this indicates that the lower 8 bits of the block 
length have reached zero, in which case the upper 8 bits 
(file 9) are incremented. If another carry out results, this 
indicates that the entire block length has reached zero and 
the data transfer is to be terminated. 


Interrupt Request 

A-line bits 5, 6 , and 7 are tested to determine interrupt 
conditions. Corresponding flag flip-flops are set so that 
the requested interrupts may be activated when conditions 
warrant. If the alarm interrupt request (bit A05) is active, 
the alarm status bit is tested. If the alarm status bit is 
active, the interrupt response is activated. 


A-Out Status 

This routine simply issues a reply, sending the contents of 
the controlled A-out register to the CPU. 


Current Word Status 

CWAL will be moved to A-out lower and CWAU are moved 
to A-out upper, allowing the CPU to read the contents of 
the CWA registers. 


Current Bank Status 

The two bits of the CWAUU are decoded and 0, 1, 2, or 3 
are placed in the A-out lower register according to the 
results of the decoded bits. The A-out upper is set to zero. 


File Status 

The contents of the B register are loaded into the file 
address register. The contents of the file at address B are 
loaded into the A-out lower register. The B address is then 
incremented by one and again loaded into the file address. 
The file contents of B+1 are moved into the A-out upper 
register. 


Transport Status 

The jump conditions of the device status lines are tested. 
If the line is active, a 1 is placed in the bit position 
corresponding to the device status. An inactive signal 
causes a 0 to be placed in the bit position. Transport 
status bits are‘assembled in this manner until the entire 
status word is assembled. 


BUSY ROUTINES 

For functions that cause the controller to go busy, a check 
is also made for the legality of the command. If all 
conditions for acceptance are present, a reply is issued and 
the flip-flop is set. This flip-flop informs the A/Q control 
logic to reject all commands with Q04=0. The busy 
flip-flop remains set for the duration of the operation. 

Completion of the operation causes a branch to the 
terminate busy routine. This routine sets the initial 
conditions that were changed by execution of the previous 
command, checks whether an EOP or alarm interrupt is to 
be generated, resets the busy flip-flop, and returns control 
to the waiting loop. 

The following two command routines are necessary for all 
tape transport operations: 

Bus Connect Routine - The execution of this routine 
activates the on bus flip-flop. This flip-flop enables all the 
output lines to the formatter. 

Unit Select Routine - This routine activates formatter 
lines TADO and TADI. These two lines provide the 
formatter with the code of the transport that the CPU 
selected. The DEN (low density) and PAR (even parity) 
lines may also be activated depending on the parity and 
density options selected by the CPU in the unit select 
command. 


DIRECTOR FUNCTIONS 

Once a bus connect and unit select are made, all operations 
with the tape transport are initiated via a director function 
command. When the Q function code is decoded as code 
3 I 15 , a branch is made to the director function routine. 
This routine checks that the controller is on-bus, a unit has 
been selected, and that the selected unit is ready. If any 
one of these conditions is not true, the command is 
rejected. If all the conditions are true a replay is issued, 
and the busy flip-flop is set. 

The 4-bit director function field, AGO through A03, is 
decoded in the same manner as in the Q-function code. 
This field is masked and loaded directly into the PC 
causing a 16-way microprogram branch. 

The MTTC issues commands to the formatter by activating 
the five formatter command lines in combinations. The 
command coding is given in table 4-1. Upon receipt of a 
GO pulse from the controller, the formatter initiates the 
execution of the command and becomes busy. The 
formatter remains busy for the duration of the operation. 
If a command to the formatter is illegal (for example, 
write commands to units not having the write-enable ring 
inserted), the formatter issues a command reject (CRJ) 
pulse. 

All director function operations are terminated when the 
formatter busy (FBY) signal goes low. This termination is 
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TABLE 4-1. DIRECTOR FUNCTION COMMAND CODING 


I/O Line 

Function 

Read 

REV 

Space 

REV 

Read 

FWD 

Space 

FWD 

Write 

Controlled 

Backspace 

Write 

File 

Mark 

Erase 

Variable 

Erase 

Fixed 

GO (Pulse) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

WRT 





X 

X 

X 

X 

X 

REV 

X 

X 




X 




WFM 







X 


X 

ERASE 








X 

X 

SPM 


X 


X 


X 





done through a terminate director function routine which 
checks the following conditions: 

• File Mark (FMK) - To determine if a code of a file 
mark was encountered during the previous 
operation. 

• Hard Error (HER) - Hard error statuses ESO 
through ES3 are latched in the HER shift register. 
The output of this register goes active whenever a 
HER pulse is present. Upon detection of this 
latched HER pulse, a jump is made to a routine 
that shifts and samples the HER shift register to 
determine which E5 condition causes the hard 
error. The ES conditions are assembled in the 
alarm status word where it is available to the CPU. 

• End-of-Tape (EOT) - To determine if an 

end-of-tape marker passed under the sensor. 

• Corrected Error (CER) - This is a warning that a 
PE error occurred that was corrected by the 
formatter. 

• Command Reject (CRJ) - Alarm statuses are set 
to inform the CPU that the previous director 
function command was rejected by the formatter. 

The terminate director function routine jumps into the 
terminate busy routine, which then flows back into the 
waiting loop. 


Space Forward 

The controller activates the SPM line, deactivates all other 
command lines to the formatter, and issues a GO pulse. 
The formatter goes busy and performs the operation. 

Throughout the operation the controller checks the 
following conditions: 

• RDY (Ready) - To determine that the unit 
continues to be ready throughout the operation 

• FBY (Formatter Busy) - An indication that the 
formatter completed the operation (FBY goes low) 


When FBY is low, the MTTC checks the HER (hard error) 
line. The only error that may occur during space 
operations is tape runaway (no data encountered within 25 
feet (7.62 meters) of commencing tape motion). 


Search File Mark Forward 

This operation is similar to the space forward operation. 
The controller issues a space forward command to the 
formatter. At the completion of the space, the controller 
checks file mark status (FMK). If no file mark has been 
detected, the controller issues another space command. 
Spacing continues until either a FMK or HER (tape 
runaway error), or RDY = LOW (unit not ready) is detected. 


Backspace 

The backspace operation is the same as space forward 
except the reverse (REV) command flip-flop is activated 
by the controller prior to the GO pulse. 

Search File Mark Backward 

The controller issues successive backspace commands until 
one of the following formatter signals becomes active: 

• FMK (file mark) 

• HER (tape runaway) 

• LDP (load point) - VAien performing reverse motion 
operations, tape motion always stops at load point. 

• RDY - Low; unit becomes not ready. 


Fixed Erase 

The controller activates the WRT, WFM, and ERASE 
command lines and issues a GO pulse. The formatter goes 
busy and erases a 6-inch (152-millimeter) portion of tape. 
While the fixed erase operation is in progress, the 
controller samples the FBY and HER lines. \A4^en FBY is 
clear, a jump is made to the terminate director function 
routine. 
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Write File Mark 

The controller issues a fixed erase command to the 
formatter. When the fixed erase is complete, the ERASE 
line is deactivated and another GO pulse is issued 
commanding the formatter to write a file mark. This 
two-step operation results in a 6-inch (152-millimeter) 
erased error followed by a file mark. 

Figures 4-2 and 4-3 illustrate the write file mark controller 
formatter waveforms for NRZI and PE modes. 


Read Data 

Figures 4-4 and 4-5 illustrate the NRZI and PE read 
operation waveforms. The controller deactivates all the 
command lines and issues a GO pulse. The formatter goes 
busy and initiates forward motion in the selected 
transport. If the read is in PE and the motion started at 
BOT, the formatter pulses the IDENT line to inform the 
controller that a PE identification burst was detected. 
Once the tape is up to speed and the appropriate 
pre-record delay has transpired, the formatter issues the 
first read strobe (RSTR) to inform the controller that the 
first character is on the RO through R7 interface lines. 

Read data is multiplexed at the input of the B register with 
the ALU bus. During read operation, RO through R7 are 
selected as the input to the B register. When the RTSR 
pulse is detected, the controller strobes the RO through R7 
data into the B register. The controller then pulses the 
ACK line to inform the formatter that the character has 
been received. The character in the B register is passed 
via the ALU through a parity generator. The output of the 
generator is compared with the parity bit (RP) received 
from the formatter. If these two are not equal, the 
transmission parity alarm status is activated and the alarm 
bit is set. In addition to parity checking, the controller 
samples the hard error (HER) line to detect errors in 
transport to the formatter transmission. 


If no errors are detected, the data in the B register is 
transferred to the buffer 2 upper (BF2U) register. The 
second character received is transferred to the buffer 2 
lower (BF2L) register. In this way two tape bytes are 
assembled into one processor memory word. Once both the 
upper and lower bytes are received, the controller initiates 
a DMA write cycle. The controller is capable of internally 
buffering four tape bytes. If a fifth byte is received and 
the DMA cycle is still not complete (BF2 full status is not 
set), lost data and alarm status are set. 

The DMA address is provided by the CWAL; CWAU and 
CWAUU registers. These three registers form an 18-bit 
counter combination and the completion of each DMA 
write cycle increments this counter. The block length is 
contained in two file address registers at address 8 and 9. 

The completion of each DMA write cycle activates a 
decrement block-length subroutine. This subroutine 
decrements the two file registers and checks for block 
length equal to 0. 

The read operation continues until one of the following 
conditions is detected; 

• FBY goes low indicating that the end of the record 
is reached 

• HER goes high indicating that one of the ESO 
through ES4 error conditions is detected 

• RDY goes low indicating that the unit has become 
not ready 

• A transmission parity error is detected 

• A lost data condition is detected 

• A block length = Zero condition is detected. 
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Figure 4-2. NRZI Write File Mark (7-Track) 
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Figure 4-3. Phase Encode Write File Mark 
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Figure 4-4. NRZI Read Operation 
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Figure 4-5. PE Read Operation 


When the formatter reaches the end of a NRZI record, the 
check character gate (CCG) line is activated to indicate 
that the next two characters are the LRC and CRC check 
characters. The controller does not transfer these 
characters into the memory, but they are written in the 
file at addresses and where they are available 
to the CPU as status. 


Write Data 

Figures 4-6 and 4-7 show the formatter/controller 
waveforms for NRZI and PE write operations. The 
controller activates theWRT command line and issues a GO 
pulse; the formatter either issues a reject to the command, 
if the selected unit is not write enabled, or goes busy and 
intiates forward tape motion. 

DMA data is multiplexed at the input of the buffer 2 lower 
(BF2L) and upper (BF2U) registers with the ALU output 
bus. During write operations, the DMA data is selected as 
the input. When the controller issues a DMA read request, 
the DMA control logic of the CPU strobes the DMA data 
into the BF2U and BF2L registers and sets BUF2 full status 
indicating completion of the DMA cycle. 

While the formatter is going through the pre-record delay, 
the controller issues a read request to the DMA. If a 
leading edge of a WSTR (write strobe) pulse is recieved 
from the formatter prior to the completion of the DMA 


cycle, this is a lost data error condition. Having received 
the DMA data prior to the WSTR, the controlier places the 
first tape byte into the write character (WC) register and 
places the second tape byte into the B register. With the 
BF2U and BF2L registers cleared of data, a new DMA 
request is sent. In this way tape bytes are double-buffered 
in the WC, B, and BF2 registers. 

The output of the WC register is connected to the write 
data interface lines. Data must be placed in the WC 
register prior to the leading edge of the WSTR pulse and 
can be changed only after the trailing edge of WSTR. For 
each byte placed into the WC register, a parity bit is 
generated. When the trailing edge of WSTR is detected, 
data is transferred from the B register into the WC register 
and the controller waits for the next WSTR. When two tape 
bytes have been transferred, the block length is 
decremented; and when block length reaches zero, the last 
word data (L\AO) signal is activated to inform the 
formatter that the last word is being transferred. 

All the error conditions listed in read data also cause 
premature termination of a write operation. 

Controlled Backspace 

The controlled backspace allows the tape to be positioned 
0.13 inches (3.3 millimeters) ahead of its original position 
for a record that has been written in error. The controller 
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Figure 4-6. NRZI Write Operation 


activates WRT, REV, and SPM, and pulses the GO line. 
The formatter does a pseudo write in reverse. When the 
two W5TR pulses are received, the block length is 
decremented although no data is transferred. When the 
block length reaches zero, the last word detected (LWD) 
signal is activated, and the operation is terminated. 


Variable Erase 

The controller activates the WRT and ERASE command 
lines and issues a GO pulse. The formatter either rejects 
the command if the unit is not write enabled, or goes busy 
and executes a pseudo-write onto the tape, erasing , each 
character cell. For each cell erased, a WSTR is issued. For 
each two WSTRs received, the controller decrements the 
block length. When the block length reaches zero, the 
controller activates the LYO line to terminate the 
operation. 


Autoload 

Whenever the autoload switch is activated, the autoload 
jump condition goes low. When this condition is sensed in 
the waiting loop, the on-bus and unit-selected jump 
conditions are sampled. If either of these lines are active, 
the controller remains in the waiting loop and the autoload 
operation is not performed. If both of these conditions are 
not active, an exit is made from the waiting loop to the 
autoload initiation routine. 


This routine sets the autoload flip-flop. This flip-flop is 
active during the entire autoload operation and ensures 
coordination of the various routines utilized during the 
autoload operation. The autoload initiation routine causes 
a branch to the bus connect routine. At the completion of 
bus connect, the autoload flip-flop is sampled and control 
returns to the autoload initiation routine. From autoload 
initiation, control passes to the assembled sense next ready 
routine to determine which is the first unit in the 
daisy-chain that is ready. If no units are ready, control 
passes back to the waiting loop. Once a unit is found 
ready, that unit is designated as the autoload device and a 
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Figure 4-7. PE Write Operation 


branch is made to the rewind routine. This routine 
initiates rewind motion and passes control back to the 
autoload routine. The autoload routine waits until 
completion of the rewind (autoload unit becomes ready 
once more). The CWAU and CWAL registers together with 
the CWA are set to zero and the block length is set to 
FFFFig, specifying the maximum block length. A 
branch is then made to the read data routine. This routine 
transfers data from the first record after BOT into the 
processor memory starting at address 0, bank 0. The 
transfer continues in the same manner as for normal read 
until the end of record is reached or an alarm condition 
occurs. The end of the read routine samples the autoload 
flip-flop and passes control back to the autoload routine. 
A check is made of alarm status in the autoload routine. If. 
alarm is active, a determination is made of the number of 
times that the read failed. Four failures pass control back 
to the waiting loop. The density select (DEN), read 
threshold (THR), and parity mode (PAR) flip-flops are 
changed in the following manner; 


9-T rack 


7-Track 


THR 

DEN 


DEN 

PAR 

Attempt 1 Normal 

High 

Attempt 1 

High 

Binary 

Attempt 2 Normal 

Low 

Attempt 2 

Low 

Binary 

Attempt 3 Low 

High 

Attempt 3 

High 

BCD 

Attempt 4 Low 

Low 

Attempt 4 

Low 

BCD 


Self-Tests 

The controller has four self-tests for checking hardware 
via firmware. Self-test 1 checks the internal controller 
data paths and ALU operations. The data received from 
the CPU is divided into upper and lower portions, called A 
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upper and A lower, and transferred via the ALU to the B 
register and BF2L register. These registers feed the A and 
B sides of the ALU, respectively. The logical/arithmetic 
operations, specified by the self-test 1 equation, are 
performed on these two registers and the result is placed in 
the lower portion of the A-out register. The A lower data 
is then transferred and incremented through all 16 file 
registers and then through all of the controller registers. 
A-out upper is the final destination of the data. The CPU 
can examine the self-test 1 result (contained in the A-out 
register) by reading A-out status. 

Self-test 2 checks flip-flops and jump conditions. A clear 
controller command must be received prior to seif-test 2 
to ensure that all the flip-flops are in the reset state. 
Every jump condition flip-flop that should be reset by a 
clear controller pulse is tested to determine that it is in a 
reset condition. Any active flip-flop causes the 
hexadecimal number DEAD to be placed in the A-out 
register and a return to the waiting loop. 

After testing for the reset conditions, the flip-flops are set 
and then tested for the set condition. The parity generator 
and all other jump conditions that can be activated by 
microcode are also tested both in their set and reset 
states. If all tested conditions are in the proper state, the 
program loads ACEDjg into the A-out register and 
returns to the waiting loop via terminate busy. 

Self-test 3 initiates a DMA read request. The data read is 
placed into the A-out register where it is available to the 
CPU as status. 

Self-test 4 transfers the data in the A-in lower and A-in 
upper to the BF2L and BF2U registers, respectively and 
then initiates a DMA write cycle. When the cycle is 
complete, control passes back to the waiting loop. 


Off-Line Maintenance 

All of the off-line maintenance operations are initiated by 
the detection of an active signal caused by the on/off-line 
switch being in the off position during the waiting loop. An 
exit is made from the waiting loop to a maintenance 
initiation routine, which sets the initial conditions of the 
controller. Control then passes through the bus connect 
routine to connect onto the bus and the assemble/sense 
next ready routine, to select the unit on which the 
maintenance will be performed. 

Maintenance switches 1, 2, and 3 are decoded and the 
selected operation is performed. Each of the operations 
continuously samples the EOT and on/off-line switch. 
Detection of EOT causes a termination of tape motion and 
entry into a loop that waits for the on/off-line switch to be 
placed in the on-line position so that a return to the 
waiting loop can be made. 


Assemble/Sense Next Ready 

This command is used either to assemble the ready status 
of each of the four units or to sense a change in the ready 
status. The controller selects each of the units starting 
with unit 0 and then samples its ready status. A 1 for 
ready or a 0 for not ready is placed in the bit position 
corresponding to that unit. This sampling continues until 
the ready status of all four units is assembled. This 
assembled status is written into file address E^g. If the 


command is an assemble command, control passes back to 
the waiting loop via the terminate busy routine. If the 
command is a sense command, the assembled ready status 
is compared with the status received from the CPU. As 
long as these two are identical, the controller remains in a 
loop sampling and comparing the status. Once a change 
from the original is detected, an exit is made from this 
loop and control passes to the waiting loop via the 
terminate busy routine. 

The portion of this routine that samples the ready status of 
all four units starting from unit 0 is used by the autoload 
and the off-line maintenance routine to determine which is 
the first unit in the daisy chain that is ready. 


MICROINSTRUCTION DESCRIPTION 

Most of the control logic within the controller is 
implemented by microinstructions contained within 
read-only memory (ROM). This design approach replaces 
the more conventional hard-wired random logic. 

To understand the controllers logic, the reader must first 
understand how the microcontrol section operates and then 
how to follow the logical program flow as shown in the 
flow charts. 

The following description describes the microinstructions 
and their implementation. The microprogram flow charts 
are provided in appendix A. 

THE MICROINSTRUCTION REPERTOIRE 

The microinstruction set is divided into four groups: 

• Inter-register instructions 

• Load constant instructions 

• Control line and flip-flop instructions 

• Jump instructions 

The 16-bit microinstruction word is denoted ROD through 
R15, with RQQ being the least significant bit. Figure 4-8 is 
a summary of the various microinstruction group formats. 

INTER-REGISTER MICROINSTRUCTIONS 

Inter-register microinstructions are identified by R14=l 
and R15=l. These instructions cause data from a 
combination of two sources to be sent through the ALU to 
a destination register. Various logic and arithmetic 
operations, selected by the ALU control lines, are 
performed on the data as it passes through the ALU. The 
instruction format is shown below: 
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JUMP INSTRUCTION 
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Figure 4-8. Microinstruction Groups 
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The source A field bits RQO, ROl, and R02 select one of The source B field, bits R13 and R12, select one of four 

eight available source A registers.* Table 4-2 provides the available source B registers. Table 4-3 provides the source 

source A codes. B codes. 


TABLE 4-2. SOURCE A CODES 


Sources = R15-R14 


R02 

ROl 

ROO 

Source A 

0 

0 

0 

File (RAMS) 

0 

0 

1 

Word counter (WCS) 

0 

1 

0 

A-lines low (AINLS) 

0 

1 

1 

A-lines up (AINUS) 

1 

0 

0 

B-register (BREGS) 

1 

0 

1 

Q-lines (QS) 

1 

1 

0 

ROM (R0-R7) 

1 

1 

1 

Program counter (PCS) 


TABLE 4-3. SOURCE B CODES 


R13 

R12 

Source B 

0 

0 

Current word address lower (CWALS) 

0 

1 

Current word address upper (CWAUS) 

1 

0 

Buffer 2 lower (BF2LS) 

1 

1 

Buffer 2 upper (BF2US) 


The destination field, bits ROB through Rll, selects one of 
12 destination registers. Table 4-4 provides the destination 
codes. The ALU control field, bits R03 through RQ7, 
activates five of the six ALU control lines. The remaining 
ALU control carry-in lines, are activated by a control 
flip-flop. Table 4-5 provides the ALU operation codes. 


TABLE 4-4. DESTINATION REGISTER CODES 


Destination 

Rll 

RIO 

R09 

ROB 

Destination 

0 

0 

0 

0 

0 

Not used 

1 

0 

0 

0 

1 

Not used 

2 

0 

0 

1 

0 

Not used 

3 

0 

0 

1 

1 

Not used 

4 

0 

1 

0 

0 

File address register (RAMADD) 

5 

0 

1 

0 

1 

Current word address upper upper (CWAUU) 

6 

0 

1 

1 

0 

File (RAMD) 

7 

0 

1 

1 

1 

Program counter (PCD) 

8 

1 

0 

0 

0 

Word counter (WCD) 

9 

1 

0 

0 

1 

A register upper (AOUTUD) 

10 

1 

0 

1 

0 

Current word address lower (CWALD) 

11 

1 

0 

1 

1 

Current word address upper (CWAUD) 

12 

1 

1 

0 

0 

A register lower (AOUTLD) 

13 

1 

1 

0 

1 

Buffer 2 lower (BF2LD) 

14 

1 

1 

1 

0 

Buffer 2 upper (BF2UD) 

15 

1 

1 

1 

1 

B register (BREGD) 
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TABLE 4-5. ALU CONTROL CODE INTER-REGISTER MICROINSTRUCTIONS 


ALU Control 

Logic 

Arithmetic 

S3 

S2 

SI 

so 

16=1 

16 = 0, C = 1 

16 = 0, C = 0 

0 

0 

0 

0 

"A 

A 

A plus 1 

0 

0 

0. 

1 

A+B 

A+B 

(A+B) plus 1 

0 

0 

■■ 

0 

T»B 

A+J 

(A+B) plus 1 

0 

0 

B 

1 

Logic 0 

Minus 1 (2's comp) 

Zero 

0 

1 

0 

0 

A^r 

A plus A • T 

A plus A •¥ plus 1 

0 

1 

0 

1 

T 

(A+B) plus A • B" 

(A+B) plus (A • B) plus 1 

0 

1 

n 

0 

A plus B 

A minus B minus I 

A minus B 

0 • 

1 

B 

1 

A-T 

A • Tminus 1 

A-B 

1 

0 

0 

0 

A+B 

A plus A B 

A plus A B plus 1 

1 

0 

0 

1 

A plus B 

A plus B 

A plus B plus 1 

1 


1 

0 

B 

(A+B) plus A*B) 

(A+f) plus (A • B) plus 1 

1 


1 

1 

A*B 

A • B minus 1 

A-B 

1 

1 

0 

0 

Logic 1 

A plus A = 2xA 

A plus A plus 1 

1 

1 

B 

1 

A+T 

(A+B) plus A 

(A+B) plus A plus 1 

1 


B 

0 

A+B 

(A+f) plus A 

(A+B) plus A plus 1 

i 

1 

IBI 

B 

1 

A 

A minus 1 

A 


LOAD CONSTANT MICROINSTRUCTIONS 

The load constant microinstruction, identified by R13=0, 
R14=0, and R15=l, loads an 0-bit character (constant) 
originating from the PROM into one of 12 destination 
registers. The instruction format is shown below: 


RIS RI4 RI3 RI2 RM RIO R09 R08 R07 0 


□ 

0 


□ 

c 

□ 

□ 

□ 

n 

□ 

n 

r 

n 

□ 


k 

DESTINATION ' 

1 

CONSTANT j 


Bits ROB through Rll select the destination register. 
Table 4-4 provides the destination register codes. 

Bits ROO through R07 designate the address in ROM that 
contains the constant to be transferred to the specified 
destination. 


JUMP MICROINSTRUCTION 

Jump-type microinstructions are identified by R15=0. The 
jump microinstruction format is shown below: 


IS 14 9 8 0 



JUMP CONDITION SELECT . .. JUMP ftPO RESS 


The jump condition select field consists of bits R09 through 
R14. There are 72 available jump conditions divided into 9 
groups of 8. The jump condition group (JC GRP-9) enable 
flip-flop, which is set or reset by the flip-flop/control line 
instruction, selects the group. Bits R14 through R09 select 
the condition within the group. (For the group of eight, 
only R09 through Rll are valid). Table 4-6 shows the jump 
condition select codes and the corresponding jump 
conditions. 
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TABLE 4-6. JUMP CONDITION CODES 


Jump 

Condition 

R15 

R14 

R13 

R12 

Rll 

RIO 

R09 

Magnetic Tape Transport 

10 

0 

0 

0 

1 

1 

1 

0 

Autoload enable 

11 

0 

0 

0 

1 

1 

0 

0 

Write add 

12 

0 

0 

0 

1 

0 

1 

0 


13 

0 

0 

0 

1 

0 

0 

0 

Check character flag 

14 

0 

0 

0 

0 

1 

1 

0 

Program protect 

15 

0 

0 

0 

0 

1 

0 

0 

ROM execute 

16 

0 

0 

0 

0 

0 

1 

0 

Write strobe line 

17 

0 

0 

0 

0 

0 

0 

0 

Hardwire high (unconditional jump) 

20 

0 

1 

0 

1 

1 

1 

1 

Bus busy 

21 

0 

1 

0 

1 

1 

0 

1 

CRC error 

22 

0 

1 

0 

1 

0 

1 

1 

Load point 

23 

0 

1 

0 

1 

0 

0 

1 

Read strobe latch 

24 

0 

1 

0 

0 

1 

1 

1 

Autoload push-button 

25 

0 

1 

0 

0 

1 

0 

1 

Write strobe latch 

26 

0 

1 

0 

0 

0 

1 

1 

On/off-line switch 

27 

0 

1 

0 

0 

0 

0 

1 

Read strobe line 

30 

0 

0 

1 

1 

1 

1 

1 

DMA write complete 

31 

0 

0 

1 

1 

1 

0 

1 

Half-word 

32 

0 

0 

1 

1 

0 

1 

1 

Current word address bit 2-16 

33 

0 

0 

1 

1 

0 

0 

1 

Buffer 1 full 

34 

0 

0 

1 

0 

1 

1 

1 

Current word address bit 2-17 

35 

0 

0 

1 

0 

1 

0 

1 


36 

0 

0 

1 

0 

0 

1 

1 

First of data complemented 

37 

0 

0 

1 

0 

0 

0 

1 

Read parity 

40 

0 

0 

0 

1 

1 

1 

1 

ALU A=B 

41 

0 

0 

0 

1 

1 

0 

1 

ALU carry out complemented 

42 

0 

0 

0 

1 

0 

1 

1 

DMA protect fault 

43 

0 

0 

0 

1 

0 

0 

1 

Hard error output 

44 

0 

0 

0 

0 

1 

1 

1 

Buffer 2 full 

45 

0 

0 

0 

0 

1 

0 

1 

DMA parity error 

46 

0 

0 

0 

0 

0 

1 

1 

DMA address error 

47 

0 

0 

0 

0 

0 

0 

1 
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TABLE 4-6. JUMP CONDITION CODES (Contd) 


Jump 

Condition 

R15 

R14 

R13 

R12 

Rll 

RIO 

R09 

Magnetic Tape Transport 

50 

0 

m 

B 

B 

1 

1 

0 

Mode operation 1 

51 

0 

B 

B 

B 

1 

0 

0 

Formatter busy 

52 

0 

B 

1 

1 

0 

1 

0 

Ready 

53 

0 

B 

1 

B 

0 

0 

B 

On-line 

54 

0 

B 

^B 

B 

1 

1 

m 

File protect 

55 

0 

B 

1 

0 

1 

0 


Parity bit latch 

56 

0 

1 

B 

0 

0 

1 


Transfer error 

57 

0 

1 

B 

0 

0 

0 

B 

File mark 

60 

0 

1 

B 

B 

■■ 

1 

0 


61 

0 

1 

B 

B 

B 

0 

0 

Disk error 

62 

0 

wm 

0 

B 

0 

1 

0 

Alarm 

63 

0 

B 

0 

1 

B 

0 

0 

B-register bit 7 

64 

0 

B 

0 

0 

B 

1 

0 

Index 2 

65 

0 

B 

0 

0 

1 

0 

0 

Unit protected 

66 

0 

1 

0 

0 

0 

1 

0 


67 

0 

1 

0 

0 

‘0 

0 

0 

End of tape status 

70 

0 

1 

B 

1 

B 


1 

Identification burst 

71 

0 

1 

B 

1 



1 

Mode operation 2 

72 

0 

1 

1 

B 



1 

Speed option 

73 

0 

1 

1 

B 



1 

7-track 

■ 74 


1 

1 

0 



1 

Read mode 

75 


1 

1 

0 



1 

NRZI 

76 


1 

1 

0 



1 

Rewind status 

77 


1 

1 

0 


0 

1 

Command reject 

80 

0 

0 

1 

1 

1 

1 

0 

On-bus 

81 

0 

0 

1 

1 

1 

0 

0 

Search file mark 

82 

0 

0 

1 

1 

0 

1 

0 

Selected parity 

83 

0 

0 

1 

1 

0 

0 

0 


84 

0 

0 

1 

0 

1 

1 

0 

Selected 

85 

0 

0 

1 

0 

1 

0 

0 

B-register bit 5 

86 

0 

0 

1 

0 

0 

1 

0 

Check character flag 

87 

0 

0 

1 

0 

0 

0 

0 

Corrected error status bit 
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TABLE 4-6. JUMP CONDITION CODES (Contd) 


Jump 

Condition 

R15 

R14 

R13 

R12 

Rll 

RIO 

R09 

Magnetic Tape Transport 

90’l‘ 

0 

0 

0 

1 

1 

1 

0 

End of tape 

91 

0 

0 

0 

1 

1 

0 

0 

Corrected error 

92 

0 

0 

0 

1 

0 

1 

0 

Maintenance switch 2 

93 

0 

0 

0 

1 

0 

0 

0 

Maintenance switch 3 

94 

0 

0 

0 

0 

1 

1 

0 

Unit single density 

95 

0 

0 

0 

0 

1 

0 

0 

Maintenance switch 1 

96 

0 

0 

0 

0 

0 

1 

0 


97 

0 

0 

0 

0 

0 

0 

0 

Auxiliary 

^Jump condition group 9 - ENB flip-flop must be set. 


There are two types of jump instructions: 

• Unconditional Jump - This type is identified by the 
fact that R14 through R09 equal zero. The 
program counter, bits 0 through 8, is loaded with 
ROO through R08. Program counter bit 9 is loaded 
with the contents of the ROM bank select 
(RMBNKS) flip-flop. 

• Conditional Jump - If the selected condition is 
true, the program counter is loaded with ROO 
through ROB and the bank select (RMBNKS) 
flip-flop. If the selected condition is false, the 
program counter is incremented by one. 


JUMPING TO SUBROUTINES 

Jumping to subroutines is a two-step process. First the 
return address must be saved, and then a Jump (conditional 
or .unconditional) must be made to the starting address of 
the subroutine. (The RMBNKS flip-flop must be set 
according to the bank in which the subroutine is located 
prior to the jump.) Figure 4-9 shows the instruction 
sequence necessary for jumping to and returning from 
subroutines. P incremented by one (P+1) is loaded into the 
register file at address 0 via an inter-register instruction. 
Address 0 is provided to the file address register 
(RAMADD) by the hardware. Execution of this instruction 
also causes the upper two bits of the PC to be saved in 
flip-flops. Next, a jump is executed to the starting address 
of the subroutine. To return from the subroutine, zero is 
loaded into the file address register (RAMADD) via a load 
constant instruction. The contents of RAM 0 is 
incremented by one and loaded into the PC. This causes a 
jump to the return address (P+2). The upper two bits that 
were saved in flip-flops are loaded into the upper bit 
positions by hardware. 

ROB through ROO specifies the jump address. The IK ROM 
is divided into two banks of 512 words each (locations 0 
through 511 are called the lower bank, locations 512 


through 1023 are called the upper bank). ROO through ROB 
specifies the address within a bank. The ROM bank select 
(RMBNKS) flip-flop, which is set or reset by the 
hip-flop/control line instruction, selects the bank to which 
the jump will be made. 

The jump instruction that causes the jump to the starting 
address of the subroutine cannot be located in ROM 
addresses 255, 256, 511, 512, 767, 76B, 1023, or 1024 due to 
the structure of the PC. 


CONTROL LINE AND SET/RESET 
FLIP-FLOP INSTRUCTIONS 

These instructions, identified by R13=l, R14=0 and R15=l, 
are used for setting or resetting up to 64 control flip-flops 
and for providing a pulse on one of 16 available control 
lines. Both of these operations can be performed in the 
same microinstruction. The instruction format is shown 
below: 


IS 

14 

13 

12 

11 



a 







O 

□ 


n 

n 


n 

n 

□ 



□ 

□ 

□ 

c 

□ 

□ 


O 

O 

m 

n 

1 CONTROL LINE 

1, SELECT ^ 


1 

FLIP-FLOP SELECT 


1-FFSet _I 

0 “ FF Reset 


The flip-flop select field, ROD through R05, selects one of 
56 available flip-flops. Table 4-7 provides the flip-flop 
codes. If bit R12 is clear, the selected flip-flop is reset. If 
it is set, the selected flip-flop is set. 

The control line select field selects one of 16 available 
control lines to be strobed. Table 4-B provides the control 
line codes. Table 4-9 provides tabulation of file register 
usage. 
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CALLING PIfOGRAM 


P«l 


RETURN ADDRESS«(P*2) 


SELECT BANK OF SUBROUTINE 


LOAD (P-»l)TO RAM AT ADDRESS 0 


JUMP TO STARTING ADDRESS OF 
SUBROUTINE 


STARTING ADDRESS- 


SUBROUTINE 

BODY 


RETURN SEQUENCE 
2290 


LOAD 0 TO RAM ADDRESS 
REGISTER (RAMADO) 


LOAD[nLE (0) ♦ i] TO PC 


THIS INSTRUCTION MUST NOT BE 
LOCATED IN ROM ADDRESSES 2S5, 
2S6,Stl, 512,767, 768, 1023, 
1024 


Figure 4-9. Subroutine Jump Instruction Sequence 


TABLE 4-7. FLIP-FLOP CODES 


FDD Group 

■ 

ROB 

R04 

R03 

R02 

ROl 

ROO 

Magnetic Tape Transport 

1 

0 

1 

1 

0 

1 

1 

1 

Low threshold 


1 

1 

1 

0 

1 

1 

0 

Write file mark 


2 

1 

1 

0 

1 

0 

1 

Rewind 


3 

1 

1 

0 

1 

0 

0 

Check character flag 


4 

1 

1 

0 

0 

1 

1 

ROM bank select 


5 

1 

1 

0 

0 

1 

0 

Search file mark flag 


6 

1 

1 

0 

0 

0 

1 

Spacing mode 


7 

1 

1 

0 

0 

0 

0 

Corrected error status 

2 

0 

0 

1 

0 

1 

1 

1 

Select buffer 1 


1 

0 

1 

0 

1 

1 

0 

Off-line 


2 

0 

1 

0 

1 

0 

1 

Last word data 


3 

0 

1 

0 

1 

0 

0 

Go 


4 

0 

1 

0 

0 

1 

1 

Write 


5 

0 

1 

0 

0 

1 

0 

Formatter enable 


6 

0 

1 

0 

0 

0 

1 

Acknowledge 


7 

0 

1 

0 

0 

0 

0 

Selecter buffer 2 

3 

0 

0 

1 

1 

. 1 

1 

1 

Write/read processor 


1 

0 

1 

1 

1 

1 

0 

Buffer 1 enable 


2 

0 

1 

1 

1 

0 

1 

Enable double buffer 


3 

0 

1 

1 

1 

0 

0 

Write parity 


4 

0 

1 

1 

0 

1 

1 

Enable word sync 


5 

0 

1 

1 

0 

1 

0 

Compare 1 


6 

0 

1 

1 

0 

0 

1 

Read/write mode 


7 

0 

1 

1 

0 

0 

0 

Parity mode 


4-20 


60476010 A 










TABLE 4-7. FLIP-FLOP CODES (Contd) 


FDD Group 

■ 

R05 

R04 

R03 

R02 

ROl 

ROO 

Magnetic Tape Transport 

4 

0 

1 

0 

1 

1 

1 

1 

Alarm 


1 


0 

1 

1 

1 

0 

Busy 


2 


0 

1 

1 

0 

1 

Select B register 


3 


0 

1 

1 

0 

0 

DMA write protect 


4 


0 

1 

0 

1 

1 

Hard error load mode 


5 


0 

1 

0 

1 

0 



6 


0 

1 

0 

0 

1 

Jump condition group 9 enabled 


7 

■■ 

0 

1 

0 


0 

Interrupt response 

5 

0 

0 

0 

1 

1 


1 



1 

0 

0 

1 

1 


0 

Erase 


2 

0 

0 

1 

1 


1 

Reverse 


3 

0 

0 

1 

1 


0 

Autoload enable protect system 


4 

0 

0 

1 

0 


1 



5 

0 

0 

1 

0 


0 

Off-line maintenance 


6 

0 

0 

1 

0 


1 

Write add 


7 

0 

0 

1 

■I 


0 


6 

0 

1 

0 

0 

II 

1 

1 

Auxiliary 


1 

1 

0 

0 


1 

0 

Transport address 1 


2 

1 

0 

0 


0 

1 

Density select 


3 


0 

0 

1 

0 

0 

Parity select 


4 


0 

0 

0 

1 

1 

On-bus 


5 


0 

0 

0 

1 

0 



6 

1 

0 

0 

0 

0 

1 

Transport address 0 


7 

1 

0 

0 

0 

0 

0 

ALU carry in 

7 

0 

0 

0 

0 

1 

1 

1 

Parity 


1 

0 

0 

0 

1 

1 

0 

Index 2 


2 

0 

0 

0 

1 

0 

1 

Selected 


3 

0 

0 

0 

1 

0 

0 

File mark status 


4 

0 

0 

0 

0 

1 

1 

End of operation 


5 

0 

0 

0 

0 

1 

0 

End of tape status 


6 

0 

0 

0 

0 

0 

1 



7 

0 

0 

0 

0 

0 

0 

Controller protected 


TABLE 4-8. CONTROL LINE CODES 


Control 

Line 

Rll 

RIO 

R09 

R08 

Magnetic Tape Transport Controller 

0 

.0 

0 

0 

0 

Not used 

1 

0 

0 

0 

1 

Set reject (REJ) 

2 

0 

0 

1 

0 

Set DMA request (DMAREQ) 

3 

0 

0 

1 

1 

Set reply (RPLY) 

4 

0 

1 

0 

0 

Clear data strobe(CLDSTR) 

5 

0 

1 

0 

1 

Clear DMA request (CREQ) 

6 

0 

1 

1 

0 

Set read strobe latch (SRSTR) 

7 

0 

1 

1 

1 

Reset MTT status latch (CLSTAT) 

8 

1 

0 

0 

0 

Set buffer 1 full (SBFIF) 
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TABLE 4-8. CONTROL LINE CODES (Contd) 


Control 

Line 

Rll 

RIO 

R09 

R08 

Magnetic Tape Transport Controller 

9 

1 

0 

0 

1 

Set buffer 2 full (SBF2F) 

10 

1 

0 

1 

0 

Clear hard error latch (CLHER) 

11 

1 

0 

1 

1 

Shift hard error latch (SFTHER) 

12 

1 

1 

0 

0 

Clear first of data (CFSTDT) 

13 

1 

1 

0 

1 

Clear DMA error (CDMAER) 

14 

1 

1 

1 

0 

Set write strobe latch (SWSTR) 

15 

1 

1 

1 


Not used 


TABLE 4-9. FILE REGISTER USAGE 


File 

Register 

RAM Address Register 

Magnetic Tape 

Transport Controller 

0 

0 

0 

0 

0 

Return addresst 

1 

0 

0 

0 

1 

Assembly/disassembly^ 

2 

0 

0 

1 

0 

N/A 

3 

0 

0 

1 

1 

N/A 

4 

0 

1 

0 

0 

Interrupt storage^ 

5 

0 

1 

0 

1 

N/A 

6 

0 

1 

1 

0 

Transport status lower 

7 

0 

1 


1 

Transport status upper 

8 

1 

0 

0 

0 

Block length lower 

9 

1 

0 

0 

1 

Block length upper 

10 

1 

0 

1 

0 

Alarm status lower 

11 

1 

0 

1 

1 

Alarm status upper 

12 

1 

1 

0 

0 

LRC character 

13 

1 

1 

0 

1 

CRC character 

14 

1 

1 

1 

0 

Ready status 

15 

1 

1 

1 

1 

N/A 

^Used for internal firmware operations only. 


4-22 


60476010 D 




















DIAGRAMS 


5 


This section contains the detailed circuit description of the 
magnetic tape transport controller logic diagrams included 
at the end of this section. The logic diagrams specifically 
reflect the FA465-A MTTC. However, they are applicable 
to all FA464 and FA465 MTTCs. 

A/Q INTERFACE 

INPUT/OUTPUT OPERATIONS 

The necessary conditions for an A/Q input or output 
operation are as follows: 

• The equipment code must match the equipment 
number. 

• The W=0 field signal (WEO) must be true. 

• The required read or write signal must be active 
(low). 


Equipment Identification 

The equipment number is determined by four jumper plugs 
individually inserted into (or removed from) socket 
terminals marked Q7, Q8, Q9, and QIO at location S8B. 
Inserting a jumper plug into the Q7 terminal, for example, 
selects a zero for that bit. Removing a jumper plug from 
the Q8 terminal selects a one for that bit, and so on. The 
four hexadecimal bits of the equipment code are received 
from the computer on the ADR08/, ADR09/, ADRIO/, and 
ADRll/ lines at pins 281, 282, 283, and 284, respectively. 
These four signals are compared with the equipment code 
jumper settings. 

The equipment code bits from the computer are compared 
to the equipment number jumper plug settings by a 4-bit 
magnitude comparator at S9. If the compared bits match 
and the WED/ signal is low (that is, A=B in is high), the A=B 
out comparator output (S9-6) goes high. The high output 
obtained at S9-6 is the first condition necessary for the 
activation of the A/Q interface sequencer (high level at 
U4-1). 


W Field 

The signal WEO/ must be low for read or write operations. 
If the W field = 0 condition exists, then WEO/ at pin 292 is 
low. This signal is received and inverted to a high level by 
a Schmitt-trigger inverter at T9-11/10; T9-10 is connected 
to the A=B in comparator input (S9-3). 


READ Signal 

The third condition for a read operation is an active (low) 
read signal from the computer at pin 248 (READ SSTB/). If 
read is active, then read at H9-13 is low, and the inverter 
output (READ BUF) is high at H9-12. The READ BUF 
signal is connected to the reply flip-flop (T4-12), a 2-input 
positive OR gate (T5r9), the A-bus selector (F8-6), and a 
3-input positive NAND gate (B3-5). 


When READ BUF is high, the output of the OR gate at T5-8 
is high. This provides the second enable to the 3-input 
positive AND gate at U4-2. 

WRITE Signal 

The third condition for a write operation is an active (low) 
WRITE/ signal from the computer at pin 290. If the write 
signal is active, T9-3 is low and the output of this inverter 
at T9-4 is high. This output (T9-4) is connected to an OR 
gate (T5-10), a 3-input positive AND gate (U4-10), and a 
2-input positive NAND gate at R2-9. 

For a write operation, the output of the OR gate at T5-8 
goes high and gives the second enable to U4-2. 


Sequencer Enable 

If the on/off-line switch (location LI) is in the on position, 
the sequencer at location U3 is able to initiate a sequence 
of pulses. The enable is effected by the release of the 
clear input at U3-1. 

The hardware uses a digital filter formed by two hex D 
flip-flops at location U6. When U4-12 goes high, the OR 
gate output (T5-11) also goes high. U4-12 is connected to 
U6-4; U6-5 goes high after 0 to 50 nanoseconds (the clock 
of U6 is 20 MHz). U6-5 is connected to U6-14; U6-15 goes 
high after an additional 50 nanoseconds. The result is that 
the signai at T5-13 goes high 50 to 100 nanoseconds after 
the leading edge of U4-12. 


Power-On Reset 

This circuit generates a reset pulse at power-on. C32 is 
charged through R30; at this time inputs T7-2 and U6-1 
are low. 


NOTE 

UMl, UM2, UM3, and UM4 are external 
connection points. 

Diode D1 is used to discharge the capacitor at power-off. 
The master reset signal (MR/) from pin 46 is received at 
Schmitt-trigger inverter G9-13. Flip-flops U6-3/2 and 
U6-13/12 form a digital filter. When G9-12 is high, U6-3 
and T6-5 are also high. U6-2 goes high after approximately 
50 nanoseconds, raising U6-13 to a high level. U6-12 goes 
high after an additional 50 nanoseconds. If the MR/ signal 
at G9-13 is still active after the 100-nanosecond delay, 
T6-6 goes low, driving T7-3 low, which in turn generates a 
low level at T7-6. The GR/ signal from T7-6 drives Ul-3 
high, generating the master reset pulse (CCMR). 


CLOCK CIRCUIT 

The controller incorporates a 20-MHz crystal-controlled 
oscillator. The oscillator is built from transistors Q1 and 
Q2; gates T7-9, 10/8, T6-13, 12/11, and T6-9, 10/8; crystal 
Yl; capacitors; and resistors. 
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Phase Generator 

The clock input at U6-9 is 20 MHz. Flip-flop U6-6/7 and 
HAND gate T6-1, 2/3 form the 20-MHz divider. The 
output is a 10-MHz clock that is connected to U5, a hex-D 
type flip-flop. The path from U5-5 through U5-6/7 and 
T3-13/12 to U5-4 forms the first part of a phase 
generator. G2 is a decoder/demultiplexer. Inputs lA 
(G2-2) and IB (G2-3) are connected to U5-5 and U5-7. 
G2-4, 5, 7, and 6 are phase-generator outputs 4>0/, 

4>2/, and 4>3/ respectively. Figure 5-1 illustrates the phase 
pulses. 


Sequencer 

Flip-flop U3 is the sequencer used for A/Q commands. The 
sequencer is clocked at 10 MHz. When the controller 
receives an A/Q command in the on-line state, sequencer 
input U3-1 (clear) goes high. The leading edge of the first 
10-MHz clock pulse (U3-9) initiates the sequencer 
operation. Figure 5-2 illustrates the sequencer pulses. 

When an immediate reject condition exists, the controller 
generates the reject signal at SO (U3-10) and the sequencer 
stops. A low level at AND gate U2-10 determines low at 
the U3-14 data input. 


If an immediate reject condition does not exist, SO causes 
the generation of SI (U3-15). 

Pulse S2 is generated when the A/Q command is a clear 
controller or a read dynamic status command. For clear 
controller or dynamic status commands, ADR05/ is low 
(making Q04 equql to 1), AND gate input U2-13 is high, and 
data input U3-13 (SI • Q4) is high. 

If S1*Q4 is high, the sequencer generates pulses S2 and 
S3. The leading edge of pulse S3 generates the reply 
pulse. The ending of the A/Q command determines the 
reset of all S pulses. 


REJECT CIRCUIT 

A/Q commands with Q04 = 0 (ADR05 high) cause a reject 
condition if the controller is in the busy state. In this case, 
flip-flop BUSY (Gl-5) is high, U2-5 is high, U2-4 is high, 
and AND gate output U2-6 is high. Flip-flop U6-11/10 and 
AND gate U2-1, 2/3 form a digital filter for the Q4 line. 

Another condition for reject is protect violation. If 
flip-flop CNTPRT (Bl-12) is high, the controller is 
protected. An unprotected A/Q write command causes a 
protect violation (U4-a is high). Flip-flop T4-2, 3/5 is the 
reject flip-flop. A reject condition (T4-2 high) causes the 
generation of the reject pulse at the leading edge of SO. 
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U6-7 

lOMHZ 
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G2-2 


tB 

G2-2 


</>«/ _i I_1 

<P^^ - - 

^ 2 / -- 

<^3/ -j- 

NOTE : PHASE PULSES 01/, 02/, AND 03/ HAVE A PULSE WIDTH OF 100 NSEC EACH. 
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Figure 5-1. Phase Pulses 
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Figure 5-2. Sequencer Pulses 


If the A/Q command requires microprogram intervention, 
the program determines if and when the controller will 
send a reject pulse to the CPU. In this case, control line 
SET REJECT/ sets the reject flip-flop (active low signal at 
T4-4). The reject pulse is transmitted to the CPU via 
driver B9-13, 12/11 to pin 220. 


REPLY CIRCUIT 

Flip-flop T4-12, 11/9 is the reply flip-flop. For A/Q 
commands with 004=1, the reply condition (T4-12 high) 
causes generation of the reply pulse at the leading edge of 
S3. 

If the A/Q command requires microprogram intervention, 
the program decides if and when the controller will 
generate a reply pulse. In this case, control line RPLY/ 
sets the reply flip-flop (active low signal at T4-10). 

The reply pulse is transmitted through driver B9-9, 10/8 to 
pin 216. The reply and reject circuits are enabled only at 
the time of an A/Q command (T4-13 and T4-1 are both 
high). 


MICROPROGRAM EXECUTE CIRCUIT 

All A/Q commands with Q04=0 require microprogram 
intervention. Flip-flop T2-12, 11/9 is the microprogram 
execute flip-flop. The leading edge of SI sets the flip-flop 
when T2-12 is high (Q04=0). The clear controller A/Q 
command (Q04=l) sets the RMEXEC flip-flop by an active 
low pulse at T2-10. REJ/, RPLY/, or GR/ pulses reset the 
RMEXEC flip-flop (T2-13 is low through action of AND 
gate U4-3, 4, 5/6). RMEXEC is connected as a jump 
condition (Tl-14). 


CONTROLLER RESET 

The controller is reset by a GR/ pulse (T7-6) or by a clear 
controller A/Q command (Q04=l). The clear controller 
generates an active low pulse at NAND gate R2-8. This 
pulse, like the GR/ pulse, generates a CCMRl active high 
pulse at Ul-3 driver output and CCMR2/ and CCMR3/ 


active low pulses at J2-10 and J2-12 outputs. A clear 
controller or GR/ pulse clears the program counter and 
activates the program from the first PROM address 
(OOOOig). 

A-OUTPUT REGISTER 

The multiplexers with latched outputs at F4, E3, E4, and 
F3 form the A-output register. F4 and E3 store the eight 
least significant bits, and E4 and F3 store the most 
significant bits of the controller A-channel outputs. The 
ALU output bus is multiplexed with the dynamic status 
flip-flops at the input to the A-out register. 

When a dynamic status request is received by the 
controiler, Q04 is high and the read signal is active; S1«Q4 
is high; and the multiplexers select the dynamic status bits 
(F4-10, E3-10, E4-10, and F3-10 are high) as the input to 
the A-out register. 

The exclusive OR gate (R4-1, 2/3) generates the SPLS 
pulse. This pulse is transmitted through the E2-9, 10/8 and 
E2-12, 13/11 NAND gates to clock the outputs of the 
dynamic status flip-flops into the A-out register on the 
trailing edge of the SPLS pulse. AOUTUD/ (K2-14) and 
AOUTLD/ (K2-11) are the clocks to select the ALU output 
bus data. 


A-Out Register Buffer 

The A-out register outputs are driven by inverting 
three-state buffers at locations E5, F5, and B4. The 
buffers are enabled by the active low output of the NAND 
gate at B3-6, which places the A-out register contents on 
the A-channel during A/Q read commands. 


A-Bus Selector 

The 8-bit A-bus selector (F9, D9, F8, D8, D5, and C5) 
selects the A input to the ALU during the execution of an 
inter-register microinstruction. 

The selector is composed of an 8-to-48-line multiplexer 
with three-state outputs, an 8-bit three-state buffer for 
the word counter (WC) register, and the three-state outputs 
of the file RAMs. The A-bus selector is controlled by the 
A-bus source decoder. 

The following is a list of the inputs to the A-bus selector; 

• CPU A-channel inputs, lower, SDOl/ through SD08/ 

• CPU A-channel inputs, upper, SD09/ through SD16/ 

• CPU Q-channel inputs ADROl/ through ADR04/, 
ADR06/, and READ BUF signal 

• ROM outputs PRO through PR7 

• Program counter bits PAO through PA7 

• B-register outputs 2^ through 2^, 2^, 

BMD7, and BMSB 

• WC register outputs 

• RAM outputs 
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A-Bus Source Decoder 

The A-bu3 source decoder consists of a selector at location 
A4 and a decoder/demultiplexer at location B8. When a 
jump microinstruction is executed, PR15 is low. This 
selects the one inputs of the selector at A4, causing IR 
from A4-9 to go low and selecting PRO through PR7 as the 
outputs of the multiplexers at locations D5 and C5. The 
output of AND gate F2-6 is also driven low by the IR 
signal. This enables the outputs of multiplexers D5 and C5 
by placing a low signal in C5-15 and D5-15. Concurrently, 
the IR signal drives the inverter output at B2-12 high, 
disabling the outputs of the decoder (B8). Decoder output 
B8-11 goes high and disable the outputs of the VJC register 
buffers (C7-1, C7-15, and C6-15 are high). With B2-12 
high, buffer outputs C6-9, 5, 3, and 7 are disabled and are 
also high. The function select pins of the ALU (FG7-6, 5, 
4, and 3 and FG6-6, 5, 4, and 3) are high. ALU mode input 
16 (FG7-8 and FG6-8) is driven high by NAND gate output 
B3-8. With the function select and mode inputs to the ALU 
high, the ALU passes the A-bus data (PRO through PR7) to 
ALU outputs FG7-9, 10, 11, and 13 and FG6-9, 10, 11, and 
13. 

For an inter-register microinstruction, B2-12 is low. The 
B8 decoder is enabled and PRO, PRl, and PR2 provide the 
data for the decoder select inputs (B8-2, 3, and 14). When 
the selected source is the RAM, B8-12, A6-8, and A7-8 are 
low. When the word counter is the selected source, B8-11 
is low, and in turn C7-1, C7-15, and C6-15 are low. 


PROGRAM COUNTER 

Three synchronous 4-bit counters (D7, D6, and B5) provide 
a 10-bit address for the 1024-word PROM. This program 
counter (PC) receives its lower eight bits from the 
ALU-out bus. The two most significant bits are loaded 
either from a 2-bit return address register, which is used 
for returning from subroutines, or from PRO and the output 
of the ROM bank select flip-flop (RMBNKS). The 
multiplexer at A4 selectes the input to the two most 
significant bits of the PC. 

During a jump to subroutine operation, the lower eight bits 
of the PC are saved in address 0 of the register file (RAM) 
and the upper two bits of the PC are saved in the 2-bit 
return address register at A3. 

During subroutine returns, the upper two bits of the PC are 
loaded from the two flip-flops at A3 by the A4 selector. 
The lower eight bits are loaded from RAM through the 
ALU. 

Receipt of a low signal on the load PC line (D7-9, D6-9, 
and B5-9) causes the PC to be ioaded on the trailing edge 
of 4>0/. The PC outputs are connected to the PROM 
address input and to the A-bus selector. 


PROM 

The PROM is organized as an array of 512 words by 8 bits. 
Four PROMs are used to construct a micromemory of 1024 
words by 16 bits. 

The nine address bits of the PROM are provided by the nine 
lower program counter bits. The tenth bit of the PC 
selects between the lower 512-word bank (CDl, CD3) and 
the upper 512-word bank (CD2, CD4). When B5-13 is low, 
the lower bank is selected 


(CDl-20, 21 and CD3-20, 21 are low); when B5-13 is high, 
the upper bank is seiected (CD2-18, 19 and CD4-18, 19 are 
high). The 16-bit, three-state outputs of the upper and 
iower PROM banks are wire-ORed together. 

PROM bits PRO through PR7 provide an A-source for the 
A-bus selector. PROM bits are also connected to various 
circuits to generate and control microprogram execution. 

B REGISTER 

The B register (locations E6 and E7) is a general-purpose 
8-bit register on the A side of the controller. ALU-out bus 
data is multiplexed at the input to the B register with 
receivers of input pins 29, 28, 37, 30, 33, 38, 31, and 34. 
These pins are used to receive the RO through R7 read data 
from the formatter. 

Flip-flop Gl-6 (SELBREG) selects the input to the B 
register. The trailing edge of the BREGD/ pulse (from 
K2-6) strobes the selected data into the register. The B 
register outputs are connected to the A-bus selector. 
B-register bits 25 (BMDL) and 27 (BMSB) are 
connected to jump conditions at El-14 and Fl-1, 
respectiveiy. 


WORD COUNTER REGISTER 

Two synchronous, 4-bit up-down counters at B6 and B7 
constitute the word counter (WD) register. This circuit is 
used as a general-purpose register. The WCD/ pulse loads 
the WC register. 

The WC register outputs are connected as an A-side source 
through three-state buffers at C7 and C6. In addition, the 
LWC register outputs are connected via drivers at A8A, 
C8B, C9B, C8A, and C9A to pins 7, 18, 12, 14, 15, 19, 13, 
17, and 11. This allows the WC to be used as data to the 
formatter register. The drivers are enabled and the write 
data (W7 through WO) is piaced on the lines only when the 
on-bus flip-flop (ONBUSFF), which controls the 
ONBUSSTAT signal from J2-2, is set. 


FILE ADDRESS REGISTER 

Two 16-by-4 clocked RAMs with three-state iatched 
outputs (at A6 and A7) constitute the file of the controller. 

The address of the file is selected by a 4-bit file address 
register. The data to be written into the file is received 
from the ALU-out bus. The RAM three-state outputs are 
connected as a source to the ALU A-input. 

An active low RAMD/ pulse from L2-9 acts as a write 
pulse at A6-2 and A7-2 during the time that A6-7 and A7-7 
are held low. Figure 5-3 illustrates the operation mode of 
the file. 
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The transition of the clock pulse (CP) from lov/ to high 
causes the contents of the file location selected by address 
inputs AO through A3 to be strobed into the RAM output 
register. A three-state output enable (EO) controls the 
RAM output buffers. When EO (A6-8, A7-8) input is low, 
the outputs are determined by the data in the output 
register. 

The quad-D type flip-flops at A5 are used as the file 
address register. This register is loaded from the ALU-out 
bus with the address of the file register. The loading is 
executed on the trailing edge of a RAMADD/ (L2-11) 
active low pulse. 


ARITHMETIC LOGIC UNIT 

The heart of the MTTC consists of an 8-bit ALU (FG7 and 
FG6). The ALU is fed on the A side by the A-bus selector, 
which selects one of eight source A inputs. On the B side 
of the ALU, the B-bus selector selects one of four source B 
inputs. The ALU output bus is routed to one of 12 
destination registers and to a parity generator/checker. 
The ALU performs 16 binary arithmetic operations that are 
selected by four function-select lines (1, 2, 4, and 8). The 
function select lines are received from the PROM through 
buffers (C6). These buffers are enabled during the 
execution of an inter-register instruction. In this case, the 
data selector multiplexer (A4) generates an IR signal; 
PR15 (A4-1) is high, PR14 (A4-10) is high, and IR (A4-9) is 
high. The R signal is inverted by B2-13/12 and provides an 
enable for C6-1. 

The internal carry (FG7-7) is provided by flip-flop CNALU 
(Al-12). PR3 is gated by the IR signal CB3-9) and inverted 
by B3-8. The output of NANO gate B3-8 supplies the input 
for the ALU (FG7-8, FG6-8). 

The inverted carry output of the first ALU (FG7-16) is 
provided as a carry input to the second ALU (FG6-7). 


Parity Generator/Checker 

The controller includes a parity generator/checker (R5) 
that is provided with eight ALU-out bus bits. The ninth 
input (R5-4) is the parity mode flip (PARMD). This 
flip-flop is used to select even or odd parity mode. 

The parity bit (R5-5) is sent to the formatter during write 
operations or is compared to the parity bit received from 
the formatter during read operations. 


Carry Out A B and Parity Latch 

A 4-bit register at G5 is used as a latch for the ALU carry 
output (G5-2/4), for the ALU comparator output A=B 
(G5-1/6), and for parity bit/error output (G5-13/8). During 
the execution of an inter-register microinstruction, the IR 
signal is high. This causes the latch load input (G5-9) to be 
high. Data is strobed into the latch with the leading edge 
of clock phase 4^0/. The latch data remains valid until a 
new inter-register instruction is executed. 

NOTE 

The A=B ALU open collector outputs 
(FG7-14 and FG6-14) are wire-ORed 
together to give comparison for eight 
bits. A pull-up resistor S3 is used for the 
wire OR connection. 


B-BUS SELECTOR 

The dual 4-to-l-line data selectors/multiplexers at J9, J8, 
J7, and J6 constitute the B-bus selector. The B sources are 
the current word address register (CWAOUT) and buffer 2 
register (BUF20LrT). PROM bits PR12B and PR13 select 
the B-side source during the execution of inter-register 
microinstructions. 

The B-bus selector outputs are connected to the ALU 
B-inputs. 


CURRENT WORD ADDRESS REGISTER 

The synchronous 4-bit up-down counters K9, K8, K7, K6, 
and L6 constitute the current word address (CWA) register. 
This register is divided into three subregisters: CWAL (K9, 
K8), CWAU (K7, K6), and bank (L6). The inputs of each 
subregister are connected to the ALU-out bus. The CWAL 
and CWAU outputs provide the inputs for the B-side 
selector. The 2-bit bank outputs (L6-3 and L6-2) are 
connected as jump conditions to Ml-2 and Ml-15, 
respectively. 

The CWA register is used as an 18-bit address register 
during DMA data transfers. This register provides the 16 
bits of memory address and two bits of memory bank 
address through buffer gates to the DMA address pins. The 
16 address bits and the least significant bit of bank address 
are enabled by a signal that is the result of a logical AND 
between the RED ACC/ (G4-13, J3-12) pulse and the state 
of the Jumper mode (inserted or removed). 

When the controller executes a DMA transfer cycle, the 
DMAX-RA/ (G4-1) active low pulse generates an ENABLE 
ADD/ that enables the three-state buffer inverters L7, L8, 
and L9. Address bits DMA-MABOl/ through DMA-MAB17/ 
are connected at pins 53 through 62, 253 through 258, and 
pin 35. 

NOTE 

In the MTTC, the jumper mode state is 
always high (the jumper is removed). 

The memory bank address most 
significant bit is provided by L6-2 
through buffer gate N9-14/13 to pin 36 
(DMA-MAB18). The ENB DMA MR/ 
active low signal enables this memory 
bit during the DMA transfer cycle. 

All of the memory address bits are active low signals. 

The CWA subregisters are loaded from the ALU output 
bus. CWAL is loaded when an active low CWALD/ pulse 
from K2-13 is provided to K9-11 and K8-11. CWAU is 
loaded when an active low CWAUD/ pulse from K2-12 is 
provided to K7-11 and K6-11. 

The bank is loaded when an active low BANKD/ pulse from 
L2-10 is provided to L6-11. The CWA registers are loaded 
asynchronously, independent of the register clock. 

The clock for the CWA register/counter is the REQ ACC/ 
pulse with incrementation of the CWA registers taking 
place on the trailing edge of the pulse. Each time a DMA 
cycle is completed, the counter is clocked and the address 
for the next DMA transfer cycle is prepared. At the start 
of the DMA transfer operation, the CWA register is loaded 
with the first word address from the ALU output bus. 
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DMA BUFFER 


Buffer 1 Register 

The buffer 1 register is composed of four 4-bit registers 
with multiplexed inputs at M0, N8, P8, and R8. The 16 
memory data bits, DFMOl to DFM16, from pins 264 to 279, 
are multiplexed at the input of the buffer 1 register with 
16-bit parallel data from the shift register at M6, N6, P6, 
and R6. Flip-flop group 2 (S5-4) selects the input to buffer 
1. Data is strobed into the register on the trailing edge of 
the CLK BUF1 pulse. The outputs of buffer 1 are 
connected to the inputs of buffer 2. 


Buffer 2 Register 

The buffer 2 register is composed of four 4-bit registers 
with multiplexed inputs at M7, N7, P7, and R7. The 
register is divided into two 8-bit subregisters called buffer 
2 low (bits 1 through 8) and buffer 2 up (bits 9 through 16). 
Bits 9 through 16 of the buffer 1 register are multipiexed 
with the ALU-output bus at the input to buffer 2 low. 
Flip-flop S5-12 (SELBF2) selects the input to buffer 2 low 
and buffer 2 up. The loading of buffer 2 is controlled by 
the DMA buffer control. 

The outputs of the buffer 2 register are connected as 
sources (buffer 2 low, M7 and N7, and buffer 2 up, P7 and 
R7) to the B-bus selector. In addition, the buffer 2 register 
is connected through buffer gates to the DMA 
data-to-memory pins (DMA-DTMOl/ through 
DMA-DTM16/). The three-state bus drivers at R9, P9, and 
N9 transfer and invert the buffer 2 register data. These 
buffer gates are enabled by active low pulse STB-DTM/ 
from the DMA signal generator. The outputs of the buffer 
gates, DMA-DTMOl/ through DMA-DTM16/, are connected 
to pins 64 through 79. The DMA buffer control circuit 
provides separate clocks for the buffer 2 subregisters. The 
clock for buffer 2 up is provided through K5-13, 12/11, and 
the clock for buffer 2 low is provided through K5-10, 9/8. 


DMA Buffer Control 

The buffo* 1 full signal is generated by the J-K 
negative-edge-triggered flip-flop at location L4. The 
flip-flop is clocked by the CLKBUFl/ signal. The 
CLKBUFl/ signal is generated whenever a DFM (data from 
memory) strobe is received from DMA control. The 
program must set the BFIENB (Nl-5) flip-flop to allow the 
J input (L4-9) of the buffer 1 fuil flip-flop to be high. 

The enabie for DMA buffer activity is provided by the 
ENBDB flip-flop (Nl-6). When ENBDB and K4-10 are high, 
L4-8, L4-3, J4-8, and J4-3 are high, allowing the fiip-flops 
to be set. 

The output of the buffer 1 full flip-flop (L4-li) is 
connected to the BFIF jump condition (Ml-1) and to the J 
input of the buffer 1 lost data flip-flop (L4-4). If 
CLKBUFl/ is provided when the buffer 1 full flip-flop is 
set (buffer 1 register is full), flip-flop buffer 1 lost data is 
set. The buffer 1 lost data flip-flop output sets M3-4, 
which provides the LSTDT jump condition at Ml-4. This 
condition informs the microprogram of the completion of a 
DMA write cycle. 

The J-K negative-edge-triggered flip-flop (J4-9, 12, 6/11) 
comprises the buffer 2 full flip-flop. J4-4, 16, 1/14 
comprises the buffer 2 lost data flip-flop. 


Automatic control of the double buffer is based on the 
clock request generator. When the buffer 1 and buffer 2 
registers are empty, L5-1 is high and L5-2 is low. The 
result is that L5-3 is low. Two flip-flops, K4-13/12 and 
K4-11/10, are cascaded (K4-12 to K4-11). These flip-flops 
are clocked by the 10-MHz clock. The clock request 
produces a 200-oanosecond low pulse, which resets the 
buffer 1 full and sets the buffer 2 full J-K flip-flops. 


DMA Transfer Control 

DMA data transfer is controlled by a circuit that provides 
the DMA memory request signal (DMA-MR/), receives the 
DMA request accept signal (DMAX-RA/), and commands 
the direction and timing of the data and function transfer 
(protect, error). 


Write to Memory 

The data is received from the formatter by the B register. 
The first character is loaded into the buffer 2 up register 
and the second character is loaded into the buffer 2 low 
register. The buffer 2 register sends the data to memory. 

When the controller executes a write to memory cycle, the 
microprogram initially resets flip-flops COMPl (Nl-10), 
SELBF2 (55-12), and WTRDMP (Nl-4). 

The microprogram resets flip-flop ENBDB (Nl-6). When 
the controller sets the DMA request, flip-flop ENBDB is 
set. Control line DMAREQ/ (52-13) sets request flip-flop 
T2-4, 1/5, 6. T2-6 goes low and drivers N9-12/11 and 
N9-14/13 are enabled, causing DMA-MR/ to go active (low) 
at pin 260 and DMA-MAB18/ to be enabled at pin 36. When 
CPU memory control is able to receive or transmit 
memory data, signal DMAX-RA/ (low active) is received by 
the controller at pin 261. This signal enables the DMA 
signal generator at G4. The low level at G4-13 (REQ 
ACC/) resets the DMA request flip-flop (T2) through AND 
gate J3-1, 2/3. Control line CREQ/ (52-10) is used to reset 
the DMA request flip-flop when it is necessary to 
terminate a DMA request due to the detection of an error. 
The DMA WRITE signal is transmitted at pin 63. This 
signal is generated by the microprogram, which controls 
flip-flop WTRDMP (Nl-4). The output of this flip-flop is 
inverted and buffered by G4-12/11. Flip-flop WTRDMP is 
also connected through inverter G3-11/10 to G4-4. The 
5TB DTM/ pulse (active low) appears at the output of 
G4-5. This pulse enables a data transfer to the memory 
(R9-1, R9-15, P9-1, P9-15, and N9-1 go low). The 5TB 
DTM signal is provided by inverter T3-4/6 through 
selectors P3-11/9 and P4-14/12 to flip-flop J4-6/11, 10. 

When the controller initiates a write to memory cycle, the 
ENBDB flip-flop resets flip-flops J4-6/11, 10 and J4-1/14. 

For a DMA write cycle, the 5TB DTM pulse sets flip-flops 
J4-4, 1, 16/14. This sets 5/R flip-flop M3-2, 3, 1/4. The 
microprogram checks jump condition DMAWCP (DMA write 
complete) to determine the end of a DMA write cycle. 


Read from Memory 

Data is received from memory by the buffer 1 register. 
This data is transferred from the buffer 2 register through 
the ALU to the word counter (WC), from which it is sent to 
the formatter. 
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When the controller executes a read from memory cycle, 
the microprogram resets flip-flop R\ANOD (Nl-11) and 
initially sets flip-flops WTRDMP (Nl-4), CQMPl (Nl-10), 
SELBFl (S5-4), and SELBF2 (S5-12). 

The microprogram resets flip-flop ENBDB (Nl-6). When 
the controller sets the DMA request, flip-flop ENBDB is 
set. 

The DMA-MDS active low pulse is received at pin 262 
whenever the controller receives data from the memory. 
This pulse indicates the availability of memory data to the 
controller. The DMA-MDS pulse is received by a 
Schmitt-trigger receiver at G3-13/12 and is transferred 
through G4-6/7 (DMAX-RA/ is the enable) to the selector 
at P4. 

The STBDFM/ pulse is selected at CLKBUFl (P4-9). This 
clock strobes the data from memory into the buffer 1 
register. The microprogram initially sets the BFIENB 
flip-flopi (Nl-5). The CLKBUFl pulse sets flip-flop L4-9, 6, 
12/11. L4-10 and L5-3 go low, generating a low-going 
pulse at K4-10. This pulse sets flip-flop L4-7/11. The 
microprogram checks this flip-flop at jump condition BF2F 
(H3-15) to determine the completion of the read cycle. 


DMA Transfer Cycle Errors 

The controller receives DMA-MPE/ (parity error), 
DMA-PFLT/ (protect fault), and DMA-MAE/ (address 
error) at pins 252, 237, and 263, respectively. OR gates at 
H6 enable these signals to be latched into three set/reset 
flip-flops at H5. Whenever the REQ ACC/ signal is active, 
H6-12, 2, 10 is active to allow coupling of the memory 
error signals to the latch inputs (H5-11, 12, 6, 15). Control 
line CDMAER/ (from M2-10) resets the memory error 
latches under microprogram control. 

To attempt to prevent lost data during DMA transfer, the 
controller generates a PRIORITY/ signal to pin 227. This 
signal is activated when the microprogram sets flip-flop 
PRIOR (Bl-4). The priority signal is enabled by the request 
flip-flop (whenever M9B is high). 

NOTE 

At pin 39 the controller provides the 
SLOW DMA signal to optimize the 
memory performance. 


DUAL ACCESS TO THE DEVICES 

(This function is not supported in CYBER 18 systems.) 

The controller incorporates provisions for dual CPU access 
to devices. The BUS BUSY/ signal, received at, pin 99, is 
active (low) when the second controller has control of the 
bus. A jumper double bus (SB) is inserted for dual access. 
The BUS BUSY/ signal is received by U8-13/12 and 
transferred (inverted) to jump condition BUSBY (Rl-4). 

The normal state of flip-flop RQBUS2 (Sl-4) is high, thus 
the output at Ul-6 is low. 

The bus priority (BP) jumper is inserted or removed to 
determine which controller will gain bus control when both 
controllers are attempting to connect onto the bus 
simultaneously. Control goes to the controller that has the 
jumper removed. 


If the controller has higher priority, the jumper is removed 
and driver S8A-2, 1/3 receives an enable (S8A-2 is high). 
Flip-flop RQBUSl (Al-10) announces that the controller 
wants to connect onto the bus. If both controllers set their 
RQBUSl flip-flop, both controllers generate a BUS NEED/ 
active low signal at pin 84. The bus busy is received 
(active low) at pin 99 of the respective controller. Ul-6 
goes low in both of the controllers. 

In the controller that has the simultaneous bus determine 
jumper inserted, S8A-2 goes low and the BUS NEED/ signal 
is deactivated (pin 84 goes high). In this mode, the 
controller without the jumper remains on the bus. 

For a normal bus connect operation, the controller 
transmits the BUS NEED/ signal to the second controller. 
The microprogram resets flip-flop RQBUS2; Ul-6 goes 
high. The program sets flip-flop RQBUSl; S8A-3 goes low. 
When the alternate controller releases the bus, the first 
controller may connect onto it. 

The controller can gain immediate bus control by forcing 
the alternate controller off the bus. Flip-flop FRCBUS 
(Gl-10) through inverter J2-3/4 generates the FORCE 
BUS/ signal to the alternate at pin 242. The controller can 
be forced off the bus by the alternate in the following 
manner: at pin 80 the ALT FORCE/ active low signal is 
received. This signal is transferred by Schmitt-trigger 
inverter G3-9/8 and causes the input of NAND gate B9-5 to 
go high. At the same time, the alternate controller 
provides a BUS BUSY/ active low pulse at pin 99, causing 
B9-4 to go high. The output B9-6 generates a master clear 
active low pulse through AND gate T7-5, 4/6. 

The D and S/R flip-flop (R3-4, 1/5) is used as the force bus 
release index. The microprogram sets this flip-flop via 
control line SRSTR/ (S2-9). This flip-flop informs the 
microroutines that the alternate controller has forced the 
release of the device bus. This index is reset by control 
line CLDSTR/ (S2-11). 


DESTINATION DECODER 

The decoder/demultiplexers at L2 and K2 make up the 
destination decoder. Select inputs L2-1, 2, 3, and K2-1, 2, 
3 are connected to PR8, PR9, and PRIO. PRll/ enables 
L2, and PRll enables K2 (thus choosing between the two 
decoders); DEST DEC ENB/ from AND gate F2-8 enables 
L2 and K2. The active low pulse to clock the selected 
destination is generated when clock phase 4>3/ enables the 
L2 and K2 decoder inputs. 

The controller uses 12 of 16 destinations. The signal 
destination (active low pulse) enables the loading of the 
data into the designated register. 

CONTROL LINES 

The decoder/demultiplexers at S2 and M2 comprise the 
control line decoder. Select inputs S2-1, 1, 2 and M2-1, 2, 
3 are connected to PR8, PR9, and PRIO. PRll/ enables 
S2, and PRll enables M2 (thus choosing between the two 
decoders); MODE CL/FF/ from mode decoder G2-11 
enables S2 and M2. The active low pulse of the selected 
control line is generated when clock phase <1>3/ enables the 
S2 and M2 decoder inputs. 

The MTTC uses 14 of the 16 control lines. Control line 15 
cannot be used due to the structure of the microprogram 
instruction. 
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FLIP-FLOP NETWORK 

The 8-bit addressable latches (A2, S5, Nl, Gl, SI, Al, and 
Bl) are multifunctional devices capable of storing 
single-line data in eight addressable latches. 

The addressable latch address inputs (pins 1, 2, and 3) are 
connected to PRO, PRl, and PR2 through inverters G3-1/2, 
G3-3/4, and G3-5/6. PR12 determines the data to be 
stored: if set, the selected flip-flop is set, and if clear, it 
is reset. 

The decoder/demultiplexa* at HI enables the selected 
group of eight flip-flops. PR3, PR4, and PR5 select the 
group; PRO, PRl, and PR2 select the flip-flop within the 
group. 

Group selection is enabled when the controller executes a 
clear flip-flop (CL/FF) instruction. An active low MODE 
CL/FF/ signal enables HI (Hl-5 goes low). The HI outputs, 
which are connected to enable pins (pin 14) of each of the 
flip-flop groups, generate an active low pulse on the 
selected'output pin during the <t>3/ clock phase at Hl-4. 

Groups 1, 2, 3, 4, and 5 are connected to the CCMR2/ 
signal. A clear controller signal clears the flip-flops in 
these groups. Groups 6 and 7 are connected only to the 
general reset (GR/) signal, and the clear controller 
command does not clear these two groups of flip-flops. 
The controller flip-flop network includes a total of 56 
flip-flops. 


JUMP CONDITION NETWORK 

The jump condition network is made up of the 8-to-l data 
selector/muitiplexers Tl, Rl, Ml, H3, H7, FI, U7, El, Jl, 
and N2; the 2-input AND-OR invert gate at M5; the OR 
gate at K3-1, 2/3; the inverters at H2 and T3-11/10; and 
the flip-flop at H5. 

There are nine groups of Jump conditions. PRIO, PRll, and 
PR12 select the jump condition within one of the nine jump 
condition groups. Bits PRIG, PRll, and PR12 are inverted 
by H2-9/8, H2-11/1Q, and H2-13/12 and are connected to 
input pins 11, 10, and 9 of Tl, Rl, Ml, H3, H7, FI, U7, and 
El (jump condition groups 1 to 8) and Jl (group 9). 

Jump condition groups 1 to 8 strobe inputs are constantly 
enabled via a connection to ground. Jump condition group 
9 is enabled by an active low signal at K3-3 (PR15 ORed 
with 4>3/). 

PROM bits PR12, PR14, and PR9 select the jump condition 
group. The strobe to this selector (N2-7) comes from K3-3 
when the controller executes a jump instruction (PR15 is 
low). OR gate K3-1, 2/3 provides this strobe signal with 
the <i>3/ pulse. Flip-flop JGRP9 (Gl-11) controls the 
selection of the jump condition. When the flip-flap is reset, 
the controller selects the jump condition within groups 1 to 
8. When flip-flop JGRP9 is set, the microprogram selects 
the jump conditions in group 9 (Jl). Inverter H2-5/6 and 
gate M5-13, 1, 9, 10/8 provide this selection. The state of 
the S/R flip-flop at H5 depends on the state of the selected 
jump condition. 

The S/R flip-flop at H5 is also set by a PCD/ (L2-7) active 
low pulse whenever the program counter (PC) is the 
destination register for an inter-register instruction. 


The flip-flop output (H5-4) is inverted by T3-11/10 and 
provides the LOAD PC/ pulse for the program counter. 
The program counter is loaded with the ALU-out data and 
the data selected by the multiplexer at A4, thus executing 
a microprogram jump. 

The LOAD PC/ signal is active during the time interval 
from the leading edge of clock phase 4>3/ to the leading 
edge of the next <i>2/ clock phase (4>2/ resets the S/R 
flip-flop at H5). 

The controller includes a total of 72 jump conditions. 


UNIT PROTECT JUMPERS 

The unit is protected whenever the respective protect 
jumper is inserted. The unit protect jumpers (SD4 through 
SD7) are located at PI and are connected to the 4-input 
multiplexer at P2. Inverted output P2-14 is connected to 
jump condition UNTPRT (Fl-14). Jumper SD7 is associated 
with unit 0 and jumper SD4 is associated with unit 3. 

A removed jumper indicates an unprotected unit. 


MAINTENANCE SWITCHES 

The on/off-line (LS) switch is connected to jump condition 
ONOFLN. In the on position, the switch permits normal 
controller activity. In the off position, the switch 
disconnects the controller from the A/Q bus of the 
computer and places the controller in maintenance mode. 
In this mode, AND gate output U4-12 is low. Sequence 
input U6-4 is also low and disables sequencer operation. 
Consequently all A/Q commands received generate an 
internal reject. 

The type of operation performed is determined by the 
positions of the maintenance switches (MSI - MS3): 

• MSI is connected to jump condition MSWl (Jl-14). 

• MS2 is connected to jump condition MSW2 (Jl-2). 

• MS3 is connected to jump condition MSW3 (Jl-1). 

The off-line operation initiated on the first tape that is 
ready conforms to table 5-1. 


TABLE 5-1. OFF-LINE OPERATION 


MS2 

MSI 

Operation 

Off 

Off 

Continuous read 

Off 

On 

Continuous read 

On 

Off 

Continuous write - I's 

On 

On 

Continuous write - O's 


Switch MS3 determines the density at which the off-line 
operation is to be performed: 

• MS3 on = Low density 

• MS3 off = High density 
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JUMPER JM 

The mode jumper (JM) determines the activity mode of the 
exclusive OR gates at R4. When the JM jumper is inserted, 
T3-2 is high and the gates invert the data transferred by 
the receivers (T9). When the JM jumper is removed, the 
gates transfer the data without inversion. For the MTTC, 
JM is removed. 

Signal and termination conditions applicable to inputs from 
the formatter to the MTTC are listed in table 5-2. All 
input signals from the formatter are active low. 

Signal and termination conditions applicable to outputs 
from the MTTC to the formatter are listed in table 5-3. 
The output signals are enabled only when the controller has 


the device bus; that is, the flip-flop ONBUSFF (Al-9) is 
set. All output signals to the formatter are active low. 

NOTE 

Gate S6B-6, 7/5 is wire-ORed with gate 
S6A-6, 7/5. With jumper JM removed, 

S6A-2 and S6A-7 are low. The outputs 
at pin 81 and 85 are OFL and WRT, 
respectively. 

LOGIC DIAGRAMS 

Figure 5-4 is the logic diagrams for the magnetic tape 
transport controller. 


TABLE 5-2. INPUTS FROM FORMATTER 


Pin’ 

Number 

Signal 

Name 

Termination 

Type 

Receiver 

Location 

Jump Condition 

Name of Location 

16 

FPT 

220/330 

H9-9/8 

FPT (H7-15) 

20 

FMK 

220/330 

E9-11/10, H8-4/13 

FMK (H7-12) 

21 

TFER 

220/330 

E9-13/12 

TFER (H7-13) 

22 

ROY 

220/330 

H9-5/6 

ROY (H7-2) 

23 

MOPl 

220/330 

H9-1/2 

MOPl (H7-4) 

24 

FBY 

220/330 

H9-3/4 

FBY (H7-3) 

25 

ONL 

220/330 

E9-9/8 

ONL (H7-1) 

27 

CER 

220/330 

E8-9/8 

CER (Jl-3) 

28 

R1 

220/330 

E8-3/4 

B-register (E7-5) 

29 

RO 

220/330 

E8-5/6 

B-register (E7-2) 

30 

R3 

220/330 

E9-1/2 

B-register (E7-1) 

31 

R6 

220/330 

E9-3/4 

B-register (E6-6) 

33 

R4 

220/330 

E8-13/12 

B-register (E6-2) 

34 

R7 

220/330 

E8-11/10 

B-register (E6-1) 

37 

R2 

220/330 

E8-1/2 

B-register (E7-6) 

38 

R5 

220/330 

E9-5/6 

B-register (E6-5) 

40 

ESO 

220/330 

G9-1/2 

HEROUT (H3-1) 

41 

ESI 

220/330 

G9-3/4 

HEROUT (H3-1) 

43 

ES3 

220/330 

G9-9/8 

HEROUT (H3-1) 

44 

HER 

220/330 

G9-11/10 

HEROUT (H3-1) 

45 

ES2 

220/330 

G9-5/6 

HEROUT (H3-1) 

91 

RSTR 

470 ohms 

T9-13/12, R4-10,9/8, 
R3-2,3/5 

RSTRLT (Rl-1) 

92 

WSTR 

470 ohms 

T9-9/8, R4-13,12/11, 
R3-12.11/9 

WSTRLT (Rl-14) 
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TABLE 5-2. INPUTS FROM FORMATTER (Contd) 


Pin 

Number 

Signal 

Name 

Termination 

Type 

Receiver 

Location 

Jump Condition 

Name of Location 

93 

LDP 

220/330 

U8-1/2 

LDP (Rl-2) 

94 

IDENT/ECG 

470 ohms 

U9-1/2 

IDENT (U7-4) 

95 

M0P2 

470 ohms 

U9-3/4 

M0P2 (U7-3) 

96 

SOP 

470 ohms 

U9-5/6 

SOP (U7-2) 

97 

RDM 

470 ohms 

U9-11/10 

RDM (U7-15) 

98 

RW-STAT 

220/330 

U8-9/8 

RWS (U7-13) 

295 

EOT 

220/330 

U8-5/6 

EOT {Jl-4) 

296 

RP 

220/330 

U8-3/4 

RP (Ml-12) 

297 

7TRK 

470 ohms 

U9-9/8 

TRK7 (U7-1) 

298 

NRZI 

470 ohms 

U9-13/12 

NRZI (U7-14) 

299 

CRJ 

220/330 

U8-11/10 

CRJ (U7-12) 


TABLE 5-3. OUTPUTS TO FORMATTER 


Pin Number 

Signal Name 

Origin 

Driver Location 

3 

DEN 

Flip-flop DEN 

A9B-1,2/3 

4 

TADO 

Flip-flop TADO 

A9A-1.2/3 

5 

THR 

Flip-flop THR 

A8A-1.2/3 

7 

SPM 

Flip-flop SPM 

A8A-6,7/5 

8 

REW 

Flip-flop REW 

A8B-6,7/5 

9 

TADl 

Flip-flop TADl 

A9A-6,7/5 

10 

PAR 

Flip-flop PARFF 

A9B-6,7/5 

11 

WO 

Word count B7-3 

C8A-l,2/3 

12 

W6 

Word count B6-6 

C8B-l,2/3 

13 

W2 

Word count B7-6 

C9A-l,2/3 

14 

W5 

Word count B6-2 

C9B-1.2/3 

15 

W4 

Word count B6-3 

C9B-6.7/5 

17 

W1 

Word count B7-2 

C9A-6,7/5 

18 

W7 

Word count B6-7 

C8B-6,7/5 

19 

W3 

Word count B7-7 

C8A-6,7/5 

49 

ERS 

Flip-flop ERS 

J5-l,2/3.4/5 

50 

WFM 

Flip-flop WFM 

A8B-1,2/3 
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TABLE 5-3. OUTPUTS TO FORMATTER (Contd) 
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Figure Magnetic Tape Transport Controller Logic Diagram (Sheet 2 of 28) 
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Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 5 of 28) 
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Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 7 of 28) 








60476010 E 5-19 


i 


I 



'CeMPHRE CIRCUIT' 


L«ic rm 

J . * / ' 


€g>S»Sti!r' 

L0GIC DlflGRflM- 
LCTT F0RMftT C0NTR0LLER 

0 

cm lODT 

09132 

SM »• 

■v. 

A 

BPTM iWIM 
u» jaiA tmtUM 

ui j^iA m mm 



0107 



Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 8 of 28) 







Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 9 of 28) 
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Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 10 of 28) 
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Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 11 of 20) 





Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 12 of 28) 
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Figure 5-4. Magnetic Tape Transport Controiler Logic Diagram (Sheet 13 of 28) 
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Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 14 of 28) 
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Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 15 of 28) 











Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 16 of 28) 
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Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 18 of 28) 
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Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 19 of 28) 
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Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 21 of 28) 
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Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 22 of 28) 
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Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 23 of 28) 
































Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 25 of 28) 
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Figure 5-4. Magnetic Tape Transport Controller Logic Diagram (Sheet 2B of 28) 
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MAINTENANCE PHILOSOPHY 

The maintenance philosophy for the MTTC is to use 
diagnostics to determine if the controller is defective. The 
necessity for operator intervention, through the operators 
panel, is kept to a minimum. 

The defective module should be replaced in the field and 
taken to a depot for repair. 


OPERATING ADJUSTMENTS 

No operating adjustments are required, except for the 
initial setting of the manual control jumpers. (Refer to 
section 2.) 

TABLE 6-1. A/Q-DMA SLOT PIN ASSIGNMENTS 


Pin 

Signal 

Pin 

Signal 

Pin 

Signal 

Pin 

Signal 

1 

+5VDC 

21 

TFER/ 

41 

ESOl/ 

61 

DMA-MAB09/ 

2 

+5VDC 

22 

ROY/ 

42 

AUTOLOAD/ 

62 

DMA-MABIO/ 

3 

DEN/ 

23 

MOPl/ 

43 

ES03/ 

63 

DMA-WRITE 

4 

TADO/ 

24 

FBY/ 

44 

HER/ 

64 

DMA-DTMOl/ 

5 

THR/ 

25 

ONL/ 

45 

ES02/ 

65 

DMA-D-m02/ 

6 

GND 

26 

GNO 

46 

MR/ 

66 

DMA-0TM03/ 

7 

SPM/ 

27 

CER/ 

47 

CHAR INPUT/ 

67 

DMA-Dn<104/ 

8 

REW/ 

28 

Rl/ 

48 

STERM/f 

68 

DMA-DTM05/ 

9 

TADI/ 

29 

RO/ 

49 

ERS/ 

69 

DMA-DIWOS/ 

10 

PAR/ 

30 

R3/ 

50 

WFM/ 

70 

DMA-DTM07/ 

11 

WO/ 

31 

R6/ 

51 

-12VDC^ 

71 

DMA-DTM08/ 

12 

W6/ 

32 

GND 

52 

+12VDC‘^ 

72 

DMA-DTM09/ 

13 

W2/ 

33 

R4/ 

53 

DMA-MABOl/ 

73 

DMA-DTMIO/ 

14 

W5/ 

34 

R7/ 

54 

DMA-MAB02/ 

74 

DMA-DTMll/ 

15 

W4/ 

35 

DMA-MAB17/ 

55 

DMA-MAB03/ 

75 

DMA-DTM12/ 

16 

FPT/ 

36 

DMA-MAB18/ 

56 

DMA-MAB04/ 

76 

DMA-DTM^/ 

17 

Wl/ 

37 

R2/ 

57 

DMA-MAB05/ 

77 

0MA-DTM14/ 

18 

W7/ 

38 

R5/ 

58 

DMA-MAB06/ 

78 

DMA-DTM15/ 

19 

W3/ 

39 

SLOW-DMA 

59 

DMA-MAB07/ 

79 

DMA-DTM16/ 

20 

FMK/ 

40 

ESOO/ 

60 

DMA-MAB08/ 

80 

ALT FORCE^ 


tThese signals are not used by the controller and they may or may not be pre-wired on the processor 
backplane. 


PREVENTIVE MAINTENANCE 

Preventive maintenance is limited to running diagnostics. 

VOLTAGE MARGINS 

The MTTC can operate with a +5 percent voltage variation 
from nominal voltages. ~ 

A/Q-DMA SLOT PIN ASSIGNMENTS 

Table 6-1 shows the A/Q-DMA pin assignments. 
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TABLE 6-1. A/Q-DMA SLOT PIN ASSIGNMENTS (Contd) 


Pin 

Signal 

Pin 

Signal 

Pin 

Signal 

Pin 

Signal 

81 

OFL/ 

210 

RD04/ 

241 

RD15/ 

272 

DFM09 

82 

GO/ 

211 

SD05/ 

242 

FORCE BUS 

273 

DFMIO 

83 

GND 

212 

ADR05/ 

243 

SD16/ 

274 

DFMll 

84 

BUS NEED/ 

213 

RTERM/^ 

244 

RD16/ 

275 

DFM12 

*85 

WRT/ 

214 

RD05/ 

245 

ADR04/ 

276 

DFM13 

86 

FEN/ 

215 

SD06/ 

246 

ADR03/ 

277 

DFM14 

87 

ACK/ 

216 

REPLY/ 

247 

ADR02/ 

278 

DFM15 

88 

REV/8 

217 

ADR06/ 

248 

“ 

279 

DFM16 

89 

N/A^ 

218 

RD06/ 

249 

INTRPT/ 

280 

ADROl/ 

90 

N/A^^ 

219 

SD07/ 

250 

WP/ 

281 

ADR08/ (Q07) 

91 

RSTR/ 

220 

REJECT/ 

251 

GND 

282 

ADR09/ (Q08) 

92 

WSTR/ 

221 

RD07/ 

252 

DMA-MPE/ 

283 

ADRIO/ (Q09) 

93 

LDP/ 

222 

— 

253 

DMA-MABll/ 

284 

ADRll/ (QIO) 

94 

IDENT/ECG 

223 

SD08/ 

254 

DMA-MAB12/ 

285 

~ 

95 

M0P2/ 

224 

RD08/ 

255 

DMA-MAB13/ 

286 

— 

96 

SOP/ 

225 

SD09/ 

256 

DMA-MAB14/ 

287 

~ 

97 

RDM/ 

226 

RD09/ 

257 

DMA-MAB15/ 

288 

— 

98 

RW-STAT/ 

227 

PRIORITY/ 

258 

DMA-MAB16/ 

289 

— 

99 

BUS BUSY/^ 

228 

SDIO/ 

259 

DMA-MCTM^ 

290 

WRITE/ 

100 

— 

229 

RDIO/ 

260 

DMA-MR/ 

291 

PROGPROT/ 

101 

GND 

230 

soil/ 

261 

DMAx-RA/ 

292 

WEO/ 

102 

GND 

231 

RDll/ 

262 

DMA-MDS/ 

293 

ENPRTSYS/ 

201 

+5VDC 

232 

GND 

263 

DMA-MAE 

294 

LWD 

202 

+5VDC 

233 

SD12/ 

264 

DFMOl 

295 

EOT/ 

203 

SDOl/ 

234 

RD12/ 

265 

DFM02 

296 

RP/ 

204 

RDOl/ 

235 

SD13/ 

266 

DFM03 

297 

FTRK 

205 

SD02/ 

236 

RD13/ 

267 

DFM04 

298 

NRZI/ 

206 

RD02/ 

237 

“ 

268 

DFM05 

299 

CRJ/ 

207 

SD03/ 

238 

SD14/ 

269 

DFM06 

300 

— 

208 

RD03/ 

239 

RD14/ 

270 

DFM07 

301 

GND 

209 

SD04/ 

240 

SD15/ 

271 

DFM08 

302 

GND 

^These signals are not used by the controller and they may or may not be pre-wired o 
backplane. 

n the processor 

^These pins are not used specifically by the MTTC. They are, however, used by the controller logic 
circuits. Therefore these pins must be free (not wired). 
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This section contains the parts lists and terminal The assembly diagrams in this section reflect the FA464 

connections for the MTTC and associated cable. and both versions of the FA465 MTTCs unless specifically 

stated otherwise. 
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Figure 7-1. FA465-B Magnetic Tape Transport Controller Spare Parts List 
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1__ 

PART NO. 

LENGTH 

TOL.± 

9672/485 

258 IN. 

eiN. 

3672/486 



3C,7ZI4B7 



96 721460 



9672/489 




TABLE I ^ 

NOMINAL DIMENSION lOL TABLE 

DIM (INCHES) 

JOL (INCHES) 

O.S TO S.93 

-0 +0.5 

6.0 THRU IZ.39 

-0 +1.0 

13.0 THRU 46.39 

-0 +2.0 

43.0 THRU 36.4 3 

-0 +4.0 

31.0 i UP 

-0 +5,0 


1 REVISION RECORD 
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C I m|i i to tfeb AMMMt rMiaira iiim 
lypriwl •< •! Uttof Dtobtots 
Hr CDC-STO I.0I.024. 


CABLE /755y- 

LCTT/FOR/ARTTER CONTROLLER 



DATA SYSTCMS 
LA JOLLA DIVISION 
LA JOLLA.CA. MOST 


CODE lOENT 

03132 


DOCUMENT NO 


senziABs/BS 


B 


/OTES: 

A ID£NT/FY CABLE PEff CDC «SrD h 20.008 WITH MF6 FHat/TY CODE. 

^ INSETtT PIN EXTENDER (F/NI9)/HfTO CONNECTOR CAVITY FOR PIN 243 A5 SHOWN ON OH 5, 

^ATTACH LABELS (F/N (>,7,8,3,10 in) TO SIDES OF CONNECTORS AS SHOWN ON ^SH 5. 

4. fill all UHUSED cavities in 'A'end CQHHECTORSiF/N Z!) WITH CRIMPED CONTACTS (F/N m). 

^TERUINATE ALL QND AND UNUSED CONDUCTORS AT *Rf END AS SHOWN AT SH A (DETAIL S) ro/rrf 
TERNINATIOMS CONSIST OF FIVE SOLDER CQNNECTiem LOCATED APPROX AS SHOWN ^ 

CCWNECnON IS SLEEVED 8V F/N ! AND IS CONNECTED BY AN ADDED WrTc'fJiA) TO ^ 

J^GND AND UNUSED wms AT *8"END TO BE SOLDERED TO END STRIP AS SHOWN ON SH 6 ■ 
^RUBBER STAMP •P" NO’S ON SIDE OF CONNECTOR AS SHOWN OH 3H6, 
a. BAG (fIn20) AND ATTACH TO CABLE. 

INFOLD END OF BRAIDED SLEEVING (F/H IS) INWARD TO FORM FISHNIOUTH . FASTEN THIS END 
CLOSE TO SHRINK SLEEVING WITH CABLE VE (F/N15) .THEN FORM FISH MOUTH AT OTHER 
END, AND STRETCH AND SmOTU THE SLEEVING DOWN ITS ENTIRE LENGTH TOWARDS 
THE MPI, MP2 OR MP4 END . BEFORE TIE WRAPPING TART END , CHECK PROPER DISTANCE 
OR SPAONG AND ADJUST AS NECESSARY THE AMOUNT OF SLEEVING FOLDED INTO THE 
FtSHMCUTH . 

UNLESS OTHEfLWiSE SPCCinED, ALL WOMfWAL DIMENSIONS COMPLY WITH TABLE I. 


NOTE: MTTC CABLE TERMfNATION DATA IS APPLICABLE TO CABLE ASSEMBLIES 
89600200. 89604657, 96720707, and 96721485. 


Figure 7-3. FA465-B Magnetic Tape Transport Controller Cable Assembly (Sheet 1 of 7) 
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Figure 7-3. FA465-B Magnetic Tape Transport Controller Cable Assembly (Sheet 3 of 7) 
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Figure 7-3. FA465-B Magnetic Tape Transport Controller Cable Assembly (Sheet 4 of 7) 
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Figure 7-3. FA^5-B Magnetic Tape Transport Controller Cable Assembly (Sheet 5 of 7) 
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Figure 7-3. FA465-B Magnetic Tape Transport Controller Cable Assembly (Sheet 6 of 7) 
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Figure 7-3. FA465-B Magnetic Tape Transport Controller Cable Assembly (Sheet 7 of 7) 
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Figure 7-5. Magnetic Tape Transport Controller Assembly Parts List (Sheet 1 of 4) 
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OPERATING PROCEDURES 


A 


The following procedure may be followed to perform MTTC 
operations with the magnetic tape transport: 

Step 1 - Mount the Tape 

Mount the desired tape reel onto the desired magnetic tape 
transport (MTT). If writing is to be done onto the tape, a 
write enable ring should be inserted into the reel prior to 
mounting. If no writing is to be done, the write enable ring 
should be removed to prevent accidental erasure. 

Step 2 - Connect into the Bus 

1. Load Q-register bits 15 through 11 with 0, bits 10 

• through 7 with the proper equipment code of the 
MTTC, and bits 4 through 0 with the code of the bus 
connect command. 

2. Load the A register with bit 7 = 1. 

3. Execute an output instruction. 

The following conditions cause a reject: 

• The controller is already busy with a previous 
command. 

• A protect fault was detected. 


Step 3 - Select the Unit 

1. Load Q>register bits 15 through 11 with Os, bits 10 
through 7 with the proper equipment code, and bits 4 
through 0 with the code of the unit select command. 

2. Load A-register bit 7 with a 1, bits 4 and 5 with the 
code of the desired transport, and bits 15 and 13 with 
the desired operating conditions. 

3. Execute an output instruction. 

The following conditions cause a reject: 

• A bus connect command was not executed prior to 
the unit select command. 

• The bus was relinquished prior to the unit select 
command. 

• A protect fault was detected. 

• The controller is already busy with a previous 
command. 


Step 4 - Position the Tape 

With the controller on-bus and the transport selected, the 
tape must be positioned forward or backward until the 
point where the record to be read or written is under the 
read/write head. 

1. Load Q-register bits 15 through 11 with Os, bits 10 
through 7 with the proper equipment code, and bits 4 
through 0 with the code of the director function 
command. 

2. Load A register bits 0 through 3 with the desired 
motion.The following commands are used for tape 
positioning: 

Space Forward - Moves the tape forward one record to 
the next inter-record gap. 

Space Backward - Moves the tape backward one record 
to the previous inter-record gap. 

Search File Mark (Forward) - Moves the tape forward 
to the next file mark. 

Search File Mark (Backward) - Moves the tape 
backward to the previous file mark. 

Controlled Backspace - Allows the positioning of the 
tape back to the previous inter-record gap for a record 
that has just been written in error. 

Rewind - Moves the tape backwards at high speed to 
the beginning-of-tape (BOT) reflective marker. 

Rewind (off-line) - Same as rewind, but causes the 
transport to go off-line. 

3. Execute an output instruction. 

The following conditions cause a reject of the motion 
command: 

• The controller is busy with a previous command. 

• The transport was not selected prior to the 
motion command. 

• A bus connect command was not executed or the 
bus was relinquished prior to the motion command. 

• The selected transport is not ready. 

• A protect fault is detected. 


Steps 5 through 8 deal with reading or writing onto the 
tape. 


At-I 


60476010 A 


Step 5 - Specify the First Word Address 


1. Load Q-register bits 13 through 11 with Os, bits 10 
through 7 with the proper equipment code, and bits 4 
through 0 with the code of the first word address 
command. 

2. Load the A register with the first word of data to be 
transferred. 

3. Execute an output instruction. 


Step 6 - Specify the Bank 

1. Load Q-register bits 15 through 11 with Os, bits 10 
through 7 with the proper equipment code, and bits 4 
through 0 with the code of the bank select command. 

2. Load the A register with the first word of bank in 
which the first word address is to be found. 

3. Execute an output instruction. 


Step 7 - Specify the Block Length 

1. Load Q-register bits 15 through 11 with Os, bits 10 
through 7 with the proper equipment code, and bits 4 
through 0 with the code of the block length command. 

2. Load the A register with the block length. 

3. Execute an output instruction. 

The following conditions cause any of the preceding 
commands to be rejected: 

• The controller is busy with a previous command. 

• A protect fault was detected. 


Step 8 - Read or Write 

1. Load Q-register bits 15 through 11 with Os, bits 10 
through 7 with the proper equipment code, and bits 4 
through 0 with the code of the director function 
command. 


2. Load A-register bits 0 through 3 with the code of the 
read data or write data. 

3. Execute an output instruction. 

The command reject conditions for read or write 
operations are the same as for tape positioning commands. 


Reading Status: After transferring data to or from the 
tape, status should be checked to determine that the 
transfer was successful. Proceed as follows: 

1. Load Q-register bits 15 through 11 with Os, bits 10 
through 7 with the proper equipment code, and bits 4 
through 0 with the code of the desired status. 

2. Execute an input instruction. 


Step 9 - Read Dynamic Status 

Examine the contents of the A register. Bit 8 (EOP) and 
bit 0 (unit ready) should be set. Bit 3 (alarm) should be 0. 
If bit 3 is set, read alarm status to determine the cause of 
the alarm. 


Step 10 - Read Block Length Status 

Determine that the proper number of words was 
transferred. 


Step 11 - Read Block Length Status 

The A register should contain the last word address plus 
one. 


Step 12 - Read Current Bank Status 

A-register bits 0 and 1 should contain the code of the bank 
where the last word address plus one was found. 

All status requests except Status 1 are rejected if the 
controller is busy. 
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FLOW CHARTS 
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This appendix contains the flow charts for the magnetic 
tape transport controller. They are applicable to all FAA64 
and FAA65 MTTCs. 
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Figure B-1. Magnetic Tape Transport Controller Flow Charts (Sheet 5 of 75) 
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Figure B-1. Magnetic Tape Transport Controller Flow Charts (Sheet 9 of 75) 
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Figure B-1. Magnetic Tape Transport Controller Flow Charts (Sheet 15 of 75) 
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Figure B-1. Magnetic Tape Transport Controller Flow Charts (Sheet 34 of 75) 
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Figure B-1. Magnetic Tape Transport Controller Flow Charts (Sheet 41 of 75) 
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Figure B-1. Magnetic Tape Transport Controller Flow Charts (Sheet 49 of 75) 
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Figure B-1. Magnetic Tape Transport Controller Flow Charts (Sheet 55 of 75) 
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Figure B-1. Magnetic Tape Transport Controller Flow Charts (Sheet 70 of 75) 


60476010 A 


B-71 











CWALD s OOie 



AUTOLOAD (CONTD) 

2312A 


Figure B-1. Magnetic Tape Transport Controller Flow Charts (Sheet 71 of 75) 


60476010 A 















RESET FF ALDEN 



AUTOLOAD (CONTD) 

2372B 


Figure B-1. Magnetic Tape Transport Controller Flow Charts (Sheet 72 of 75) 


60476010 A 






OFF LINE MAINTENANCE 

2373 

Figure B-1. Magnetic Tape Transport Controller Flow Charts (Sheet 73 of 75) 


B-74 


60476010 A 











2373A 


OFF LINE MAINTENANCE (CONTD) 


Figure B-1. Magnetic Tape Transport Controller Flow Charts (Sheet 74 of 75) 


60476010 A 


B-75 











PCS +1 = RAMD 


SUBR 

CALL 

WSR1 


/ SUBR \ 

f subr\ 

(RETURN) 

I RETURN I 

V RDS J 

V WSR J 


RSTRLT 

V" 


* ^YES/ 

BG FBY 


OFF LINE MAINTENANCE (CONTD) 


Figure B-1. Magnetic Tape Transport Controller Flow Charts (Sheet 75 of 75) 


60476010 A 




FIRMWARE LIST 


C 


This appendix contains the firmware list for the magnetic 
tape transport controller. Although the firmware list 
specifically reflects the FA464-A MTTC, it is equally 
applicable to all FA464 and FA465 MTTCs. 
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00015? 
000153 . 

■ ?'; 000154 i 
~ 000155 

■ 000155 i 

000157 
000150 
^00159 
000170 
000171 1 

00017? : 

000173 
000174 
000175 
000175 £ 

000177 i 
£1 000170 

000179 
000100 
. ..fiooiai . 

. ormiR? i 

o 00103 : :£ 

~ ^ - 0 0 t o A - ^ 

000185 
000185 
00 0187 J 
^P^0n0l8fl^"-3 
b 0 01 R9:--3 3 
S==3££S^0019Q^-^^ 
000191 I 
00019? j 

_ QQQ19X—„{ 

0 019*^^ 
£0 0 

000197 1 

000198 I 

.^-^„00Q199„J 
£-^£1: 00 020OT^T^ 
-££p£;0 00201 '33 
3£3££:-£b0O?O?^^ 

000203 
000204 > 

000205-. - I 

£^333^00205^ -£3 

L3 33 00 0207 3 3 

.££33. -00 0208^- = 
000209 
000210 

. 000211 

-r.--. 00021? rJ 
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PAGE 


n/ME: 11/11/a 



SA»SB compr: S4=SP ? 

CONOTTinN CMsl • 

THE RESULT_IS.SENSED ON THE 
. AbR PTN of THE: ALUi“TlHEp)EST|HaTld!Sl 
IS AM U^JllFF^'PEGT5tFn^^^ 

: THEREFORF nATA-^-RFWAfMB'2l:-::£:7 

DNCHANGEn 

N?/$3*X?/*SR» »N9/$6n*X.l/»SA» 


INTER REGISTER ARITHMETIC (GENERAL) 
this INSTRUCTION COVERS AIL i6 
available MOOES OE ARtlHMEIlC^ 
OPERATiOMS. ■/4-E-'l6;:-MonE:S-^£:^:i^ 


DEPEND0^r -the: :ST ATF^:oe:^3 

THE:1:m> FUTP-fl^P 

REEFER TO TRAP MODE OFF, 




1 0237 



t 0238 

NOOP 

MAC 

! 0239 

•tt . 




^FCli 

^MG:: 

MAC 

0243 


t 02A4 

■ V 


t 0245 







/Sl*X3/*SA» 



NO operation. 


nnopiA 
nnopis 
000216 . 
000217 1 
00021A : 
0002IQ -- 
000220 
OO0221 
000222 : 
000223 ; 

00 0224 
._:00022S ^ 
*■ '-00 0226 
000227 ; 

_000228 i 

^000229^3 
":^000230 ^ 
Z£:^j00023T:^^ 
00023? 
000233 j 
„_...0QQ234„.J 
i^0Q235 
;::^dciQ236 
^^00237= 
000238 
000239 
.... 00024Q.J 


a 


SPARE- 

PROM WORD remains unrurned 


~z:r-doo?JS2f 
-:^:ifl60243^= 
000244 
000245 
._,.00 0246 : 
:E::iO{)0247:r::s 
-^000248 


















































60476010 A 






OATFI ll/il/ll 


0?4Q ■» 


Tf^A« moOF OFFTMITIONS 


nnos^o 


0?F1 MOPFO (I'D) - - 

0?52 MOPFl (SI) 

0?B3 (S2) . : 

0?^U 0003 FOU MnnF3(53) 

n?SF 0004 FOU M0nF4($4) 

n?S6 0005_ FOU _ MnDF5($5) 






O^ftO 

0?6i 

[ 0?A? 

-oooe^ 


0006^ 

000^^ 

nnofl 

0004 

OOOA 


f£^=HL®€te=£E 






0266 

0267 


EZHSHOnOG:: 

0000 
OOOF 
-O OO F . 


S^-^'fcOO=^€MODE6 < $6) 
^Qil^SEisMOOF? (S7). 
FOU M0DFfl(5R) 

FOU M0nF9($9) 

FOU MOnFA($A) 


S^£E==^H00FG1$C ) 
FOU MODFn($D) 

FOU MODFE(SF) 

FOU , - MOOFFCSF) 


MODEOr SA t>?:fGlSI~-^D: 00025? 

' MODFl : i5Ai0R^SH)^GN-ii»i^0^ 000253 

M0nF2* 000254 

M00F3: FFFF^GN->0 ; 000255 

MODFA: SA^lSA.AUn.(SR/))*CM->D 000256 

MOOFS; _ 000257 

: (SA.O«*SR)‘iSA.ANOw 00Q25R 

Tv M0nF6{TSA-SR~t*GU-^^~^:ST -TEST^ T'^TE^A-rET-: 00 0259 
:: V M0DE71T {SAiiN6*^SH^^)iC«S555ft^^^Ev=vT^E~£000260 
MOOFR: SA^ (SA.AN0.SR)*CN—->0 000261 

M0nF9: SA*SR*GN—>0 000262 

MOOFA: __ __00Q263 

(SA ,OP , <SR/:) )(♦ ($A.and.SB 00264 
MOOEBl tSAvANn«5H)-l>OM^-; ^T EES^^T^ETTTvv^n00265 
MODFG r v5ATfcSA*rN-i-*^>n 

MOOFO: (SA.ANO.SR) ♦S/i^CN—->n 000267 

MOOFF! (SA.ANJO. (SR/) ) ♦SA + GM->0 00026fi 

MODEF? SA-ltCN~—>0 ... _ _ 000264 











































C-8 60476010 A 


-- P^C,F 7 


n&TF.: U/U/11 



n?71 * «•»»« 


.o?73 ' r- nu($3) . 

n?74 0004 FQU RAMADD($4) 

0?7S OOnS FQU BANKD($S) 

n?76 OOOf. __FR‘L_ RAMn($6) 

< ^7 > -•- "i'%!: 

£Hr£0a?J9s=E?^?i Ofi6^:4-^H^E=:H=i#afe^^ {S9) 


OFSTINATION RFGISTERS __ 0Q0272 


NOT iJSFn 

RAM ADORFSS •’ 000275 

.CnMPUTF.R MEMORY RANK 000276 

RAM .^___I'::i000277 

: PRCGR am COUNTER -00027fl. 
- WORD COUNTER - - -- oo?79 

ft HEGT STER fOlfra|pPERi3^Tes^^^^^“r-~“Hn002ftd 



02R0 OOOA EOU CWALD(SA) CURRENT WORD ADDRESS- 000201 i 

0281 . * LOWER BYTE 00020? 

0202 j : FQU „- CWAlJD(SR)_^_CURRENT.^WORD ADDRESS-_ __ „ _ 000?03 _ 

% crz :^-~--~:- i :' -A Register out lower- j 

^ 0286 OOOE EQU ; RF2UD(5E) BUFFER 2 UPPER BYTE 000287 

5 0287 . : OOOF EQU^^^^ R REGISTER 000288 

^ 0288___Ao60. __ FQU NUl ($0) _ _ _ NOT USED „ _ _ ___ i„I .1..0CLQ2a9- _ ■ 
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PAGE 


date: 11/II/It 


n?c>n 


« 


<nnn> SOURCE A-REGISTERS *«** 

_n;^Qp - 

-0293 - _ 



^«cs:{siv 

■ — -£ 1 - ■ R A .M. . ■ J - - —£■ —-S £:. 

' £££- WORD COUMTEr 

£0294—-- 

029S 

0296 

0297 

:£jrt;?OftH££££££E££ 

.000^ 

0003 

0004 

ooos 

£00^ 

ECU 

FQU 

EOU 

.-AINLS(S2) 

AINIJS(S3) 

PREGS($4) 

0S(f5) 

^;^<1S(S7) 

.£r. A i.INESv IW;£LQWER£J?yTi?:^ 

A LINES IN UPPER BYTF 
■R REGISTER 

0 LIN 

:_v£"i:£tr:V:£ . PROGRAM COUNTER 


000291 



0300 


*««* SOURCE R REGISTERS *«*« 


^:-^OOD2q3 
; 000294 

rt:^0 00295^^ 
, 000296 
- 000297 
00298 , 

£^ 3:000299 : ^ 3 


000301 














































n 




DATE? 


■' . oino 


««« CONTROL LTNF OEFINTTfONS *** 


000310 



Loonc^ 

0009 
OOOA 
00 07 


_f Otfe efiMAER (SD~) ■ - -:--VCL13 

E;^=;==FE6U:-^aFSfD.T.(SCr 12 

ecu CLnSTR(4) CL9 

EOU CLHER($A) CLIO 

JEOUL-CLSIAXCD_CL7 


CLEARS DMA 
CLEAR XIRST 0E7) 

CLEAR DATA STRORE 
clear HARO ERROR LATCH 
CLEAR, TRANSPORT STATUS LATCt 


REOUESX 


^^^031 

031R 

=SS=lH>iJT-^ 

0003 

EQU 

RPLY(S3) 

CL3 

REPLY 

, 0320 
03?! 

noofl 
_.0tlP5. - 

EOU 

e:ou_ 

SBFIFCB) 

iSeF2£i9J 

CLB 

SET BUFFER 1 FULL 
,_SET.,BUFFER 2,FULL__,. 



00031? 

=Z-Sf£r^O00313 

000314 

OQ031S 

_000316 

000317 









§£5HlE3'i: HARe§ERTORE^TCfcf£%i^ 

r^ETfR^rfe^RORE^XA^H 

l^E^R.ITE^Sfb0^EL*TeR:s?^^ 


^^^^300031 ft 
boast9 
000320 
000321 
000322 
=^000323^ 


=p5^3^00a32A. 




























































60476Q10A C-11 


_■ : - PAGE. lO : ■;. ^ DATE: 11/1 t/ilf 


r'^ jp JUmP=~COnDi T I on : Q£E-lNi^igN5g*gg£:^:E;r^s;^Es;^ ^^ ^^E^^ oon 32 fl: 

;! n3?q nno3 FQU adrfrpo) jca6 dma address error 000330 

0330 002A > FOU ALARMJC($2A) JC62 ALARM 000331 

: 0331 POO P - „FOU ALDFNJriSE) JDIO AUTOLOAD _ _ „ ’ _ 000332 

Erj“033?: / W,:2^^^^^EpAi^|^ALTFRC ($2P) V^i££-^=pC6brV>::ALTERNATE^P0RtE-4si^iE^ 

SpQ333 - PTl ^ ^ ^== =:=?;ir^ l?[£;^ll3‘OLb <f 27) i^JCPAL iAljT0L0ADiSWITCH:^^^r^^ :3^1^^^;^:^ ^ 000334 -1 

£2:^:0334 -‘ ' nTmi L^:EH=?£= ^^^ife3^JCL$01£ ^5 

‘ 033S 0019 FOU BFIFCSIQ) JC33 RUFFFR 1 FULL 00033A 

033f, 0007 FOU BF2F(7) JC44 RUFFFR 2 FULL 000337 ' 

0337 0014 _ FOU BMDL(S.l4) JCR5 B REGISTER BIT H _ _™_I „ _ 000338 

^£h338:£:~:£^£^00?B ^=SS^^EE^ O^ i^HM SBL$^flL£^:^■::^^3£U^A3-^^B^rPFGTSTFP^BT3r::-^^^^^^:^^^^^^:^ HE;^^=£5 ^^££L3'-non3^O^~^^ 

£££i}34TL^££:^i^QdCS S=£===£= ^QUS=£Eg1aci££^ 

i 0341 OOiO FOU CFRSTJC($10> JC87 CORRECTED FRROR STATUS BIT 000342 

; 0347 6006 FOU C0UT(50) JC41 ALU CARRY OUT 000343 i 

L _ 0^?Q _ _ F OU CRCF RJC($2D) JC21_ _ N/A TO LCTJ__;___^000344 _• 

^63j4~S S^^^ aMfl^g=£ ^^^g g g^ay Bjaj!l3B-fggr^i^C32 :£.--CURflENTllOBPl-RE{££Bl^i£|^£ =; ^ = S~£ i;:=^Ofl34fi^j^ 

I 0347 OOIF FOU DMAWCPISIF) JC30 DMA WRITE COMPLETE 000348 

1 0348 OOOF FOU EOT(*E) JC90 END OF TAPE 000349 

L 034 9^^ „^.J LQ-gi?-^_EQ,U __XO.T|JJCi f^^^^ FND_ nE_T ARE _ST ATU^_fl f-L-., -___fl Qj^O^-^ 

[ 0353 0036 FOU FPT.<$36J ' JC54 FILE PROTECT 000354 

[ 0354 ■ 0013 FOU FRSTDTCSIB) JC36 FIRST DATA (N/A TO LCTT) 000355 

i 0355 00 0 9 FQU HE R0U T(9) JC43 _ HER JOUTPUT__ __^0QQ356_ 

1 0359 002B FOU LDP(S2B) JC22 LOAD POINT 000360 

1* 0360 0012 EOU LRCRCJCdl?) JCfl 6 CHECK CHARACTER FLAG 0d0361 

L 0361 0 03 F F OU M0P1($3E) J C50 MODE OPTI_0N_1___Q00362__ 1 





































































n 

hO 


01^4 




PAGE 11 


date: 11 / 11/11 


«<»* JUMP CONOTTIOM DFFINTTTONS (CONT.) 


noo36S ; 



EOO .i:M5wTrt4) 


3[K«EJes^ 


s:}:::^E:rrESFQLP 

EOU 
ECU 
EOU 
011 :; 

z-Ie^Ue 


0008 

0002 

0008 



OOOA 
0017 

003 A V 

SSE-Zn004EZ#^=E 


0386 0029 
0307 , 0033 
0388 - _ OO lC 


MSW 21 f)tr::- z 
MSW3(S8) 
NnC0MP(J.2) 
0FLMTJC($8) 
ONBl‘Sjr($lF); 
GNL<S381 z ^ 
jONnFlNt$23) 
NR7I{435) 
PARLT($34) 
PARERP(5) 

^fau^:pRGPrtT( 6 ) j 
•.QtlszPMEUT tSai z 
EOU RALT1JC($A) 
EOU RDM(S37) 

EOU RDY($3A) 


l 039 ? 

: 0393 

{ 0394 _ 


EOU R 5 TRLT($ 29 ) 
EOU RWS(S 33 ) 
POU_ SEJ^KJCLSIC) 
If, 


0032 EOU TEER($ 32 ) 

0039 EOU TPKT(^ 39 ) 

0024 ...F 0 U._yNlPRTj* 24 )., 




I 0398 11002 EOU WSTRLN( 2 ) 

0399 0025 EOU WSTRLT( 5 P 5 ) 


■ JC95 
■JC 92 * 
Jr93 
JC95 
JC]3 
‘- -JC80 :: 
"JC 53 z 
-_jn? 6 Z: 
JC75 
jr55 
JC45 
feJCA?,:- 
Z^G14^Z 
~jC42^ 
jri2 
JC74 
JC52 

JC23 

JC76 

JCAl 

^84ZZ 

^G 66 zz 
JC56 
JC73 
JCf 5 
SiCBIz 
zziC35iE 
EiJCll ; 
JC16 
JC25 


MAIMT ANENCEZSfirrTEHZTH 
MA INTENAHCEZSWitCHZT?^^^^ 
MAtNTAMFfJCE SWITCH 3 
N/A TO LCTT 
OFF LINE M_AINTENEMCF 
.:;0N,BU5 -7.^ . '::- 

z ON vLINF _E- E 

Z ON/OFF i T NEZSWf tCH 
MRZI 

PARITY BIT LATCH 
DMA PARITY error 
SELECTED PARITY „ 
zEROGRAm PROTECT . Z-: . 

^zDHAI PRGTEGTZEAUE 1 Z.ZZZZZZ^ 
REQUEST alternate INTERRUPT 
READ MODE 

READY _ • __ 

' ROM EXEGUte^^^^^^ ' 

z RE A 0 ^ P A R 11 Tzzzz^izz 
r READ-STROBE IINEZ--- - X 
READ STROBE LATCH 

rewind status 

SEARCH file mark 

:Z:SELEC TEO zzz:EZr^zzz.:zr--: 

zSPEEI 5 ^i«pilON--If - 

z'SPARE^:'^^^z^zzz=zzzz?^zi^ 

TRANSFER ERROR 
7 TRACK 

UNIT PROTECTED 

A eTOz z 
- woRa^^N/Azmliijf -z- -.z-_: 
wRlf&^ODDzk:Z:zas^z; 

WRITE STROBE LINE 
WRITE STROBE LATCH 




000387 5 
0003883 
000389 : 
000370 ^ 
000371 ; 
000372 i 
0 00373^^ 
000374:3 
000375 j 
000378 j 
000377 j 


^§Z -~000378 
"^^000379 3 




z:?z.on0380Z^ 

000381 I 
000382 -i 

_^.^-. 00()383 J 

^SEz3QQ(1384z^ 

Esz3o6o3B5a 

^ 00388 ^ 
000387 
000388 
;.0 00359 
ZiZzOQQMds 
EOOftSRlZ 

:-:^n(&923 
000393 
000394 
^.^0003053 
^ddOMisl 
zs^d 03971 
003981 
000399 j 
000400 I 

_' .-J 

- -:.-E3 
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040“^ * ««* FILP flop OFFTNITIONS »** 000404 


^■: 0 A 05 -r^3sagfe===^^€0Ui£/ACK:<?ii) - ^^FF26 ; ACKNowLEoGfess^i^^^-i^:^ -: : y :.ooo406' 

0406 ^ . At^APH;: ^ ^ ^ .000407 1 

=-:.: 0407 ’ ) ;iH£^FFB 31: AllTOLTlAn.vraPR'wV^^^^^^i^^^ 1-000400 i 

0^00 OOP? FQU AUXFF(l?7) FF60 AUXILIARY 000409 

0409 OOIF FOU RF1FNR($1F) FF31 RlJFFFRl FNARLF 000410 

0^10 nO?E_^^_ FOU RUSY{$?F) FF41 RIISY _ __ _ 000411 

r 0411 - S30) - FF17 CORRECTED. ERROR 000412 ; -: 

E 0412 -1 . - - 0(a7 fe^^E^ ^.H£QUHHC0MP 1 (SI A) _ ' FF35 COMPAREl ^ ^ ^ 

E^tI 0413-i^ V~ - : 002aEE^^^:E51EEEf^QlElIlGNALU {S20) _ - ”- FFfi7 ALU GARRY ETW . EE 0 00414 i 

0^14 0000 FQU CNTPRT(O) FF77 CONTROLLER PROTFCTFD C: 00041R 

0415 0025 FOU DFN($?5) FF 6 ? DENSITY SELECT 000416 

_ 0416 002C_FOU _DMWRPT($2C) FF43 OMA WRITE PROTECT __ 000417 

001(lE^^^^^^ECi;i^NRDE(ilD)iii^i=^FE32--1 ENABLE E>QOBLE-auF^i>:EE^=E=E^^:~^^E0004lfl^:v.i 
OQlBE ^S=^E^-EEjE QQ=F£EMWDSY,i$IBj:i^ip|£EF34- ^ FNARLE Wl^D^ SYNCEIIE^ 0 0419 " J 

^safegHEEHE £r ;E{mo3E;=??=isi=E:^Qt^^ E ^:eieieeeff74e^ii ENDior iGPERAf w 00420 : 

? 0420 0002 FOU E0TST(2) FF75 END OF TAPE STATUS 000421 

! 0421 .. OOOE ECU FRS(SF) FF51 ERASE 000422 

I 042 2 0012__ EQU fFN($ 12 ) _ fF?3 FORMATTER ENABLE ___ 000423 

ma.re,^status /-.-:-_"£sS^^P;^i^goo424 -:: ■ 

EF^ '^S^E^;S:£002A:~£-£:2£ HEE^£Qt^^ E^S.($2Al£;£;££ZS-^^ " FORCE HUSir:££- ^ ^ 

I 0426 002R EQU HFRLO($2B) FF44 HARO ERROR LOAD MODE 000427 

[ 0427-0028 EQU INTRSP(52fl) FF47 INTERRUPT RESPONSE 000428 

L-,042fl .„ .._.„,0 0Q6__.... EQIL_JNX2EET6). _EE71.. INDEX .2 ^..... ^^...___^_.. 0 QQ^. i 

i^Hai4afe=H~EEiai^ feS^lH£ ;=£^l^Egi^aTO^i29)£^ CONimrON^ROOP 9 LENA8LE=r:^:;^^-0d043b 

^M3Hfes g;^s a aaa^ ^^ ;^ Ef^i^lte^iM3K;#g:.<:t341^^FE-l 3^: CHECK :GH^pFR Fliafi : ^:£^£li?£pi^i0rtd4^f 
|liSir45«H^=£S^£OTS^^=^^-££££.EDlE£a3te535>:£££:.£^l?£^FF-2?:£r£LASTl^rf0RD^^ ££I£^.i££Sr£££££££r_ 000432--=^^ 

f 0432 - 0016 FOU 0EU(S16) FF21 OFFLINE 000433 j 


! 





















































V 0T09Z.1709 17T-3 


04 "^4 « 


PAGE 13 DATE; 11/11/11 

FLIP FLOP nFFINJTTTONS (fONT.) »»» 


00043S 



_- EQU_. OFLMTFOiA) 

_ .FQU-- 0MPUSFF(S?3) 
00?4 FQU PARFF(524) 

OOIQ Foil PARMn(Sl8) 

0007 FOU PRIORI?) 


' 0450 

j 0451 
045? 



0 00 Oll^RALT IFF (A) 

6 11 - 0 ) ; 
i)035^=s=EE=s#r^ja£feiy?E«^^ - 

no?? FQU RQRUSKf??) 

OOOF FOU RORUS2($OF) 

0033 _£QIJL_ RMBNKS(S33) 

r 0 Ifi 9) . . 

^ 017^ 

0010 FOU SELRF2(S10) 

002D . FOU SELBRFG(I?n) 

0005 „ F OU SLCTDFF(5) 




0455 

0457 

045A 


0025 FOU TAD1(S25) 

0037 FOU THR(S37) 

„0O36_„ F0U_WFM(*36) 

E0£fe^SJiliS:i37^ 



E:^==n:4-61=S=S= 

0452 


6009 


s^===-~=HFQtlE:-^T1?nMP;rSlFl: 
FQU WRT0DFF($9) 


-FF55 

FF64 

FF53 

FF37 

FF70 

FF57 

FF52 

L-FF 12 :: 

FF55 

FF50 

..FF14 

^FF36:.:; 

trFF-15: 

f,-,FF ?6 i 

FF?7 

FF42 

FF72 

^FF55L^l 
FF51 
FFIO 
..FFll 
EFF31i-: 
?^rFF24^^ : 
^E'F30^ 
FF55 


OFF; LINE MATNTENAtiCEl^ 

ON RUS' .'- 
PARITY SELFCT 
PARITY MOnF 

PRIORITY _ 

PEOUEST ALTEPNATF INTERRUPT'’ 
-: RE VERSE. . 

^REWTNn 
REQUEST RUS I 
REQUEST RUS 2 
ROM RANK SELECT, 
REAO/WPI|E1^M06E= 
search; FILE HAHK^ FKftOE SS^E 
SELECT PUFFER 
SELFCT BUFFER? 

SELFCT R REGISTER 
SELECTED 
: spAGiNO'HMOftE;^ 
:"Spare;:^ 1 ^|||;^%^^ 

iT^NSPOR-XSAnnPF 55 
TRANSPORT ADDRESS 

LOW threshold 

WRITE file mark 
WRITE-PAPT- tY '.r' 

WRITG 

write/read mp ■ 

WRITE ODD 





000437 
000438 -i 
000439 
000440 
000441 
000442 ‘^1 
000443 ' 

000444 
000445 
000445 i 
QQ0447 _i 

- JO 00448 5 .^ 

1)66449 ^ 

^000450^"^^ 

000451 

- 000452 

-„0 00453_i 

^:^66454 -r ir 
:§ 0 00455^ ;§ 

000457 1 

000458 
.00 0459 ..._ 
iGOOAfeO^ 

: 660451^^ 
-0004^2 
000453 

i 
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DATE? 


ITINF NAME LABEL ABREVIATIONS 
ALITOLOAO JUMP ROUTINE 

A OUT STATUS .. „ ___ 

^i::A/Q^EJ^EGUT£^ HOOT 

^;::£A^EMRLE/SENSE“JUMP-rfe^^^S^::^S^^^^ 

AUTOLOAO ROUTINE 
RANK SELECT 

^ .BLOCK LENGTH.. _ ._ _ 

BUSLGONNECT/RES.EASE;^;:^;.rS^ 

BACKSPAGE^r? 

r: BUS^ REtNOUT SKL Rnu TINFZ? 

GURRENT RANK-STATUS 
CONTROLLED BACKSPACE 

.. ..CLEAR STATUS, SUBROUTINE ___ 

^et^^RENJ^ Word A 
r ^iOECREMFjifjiBLOCK: LtNGm'^UHROUTJN 

OTREGrrORr-BJNCT^ ON OECODE^ROUfTNE^SS^^ 
DMA transfer ERROR ROUTINE 
FORMATTER ERROR STATUS ASSEMBLY ROUTINE 
FORMATTER DTSARLE ROUTINE 

i^ORRplER REJKipROUI-WEpM^zsi^ip^^g^ 

FIRST WORD ADDRESS 
INTERRUPT PEQUEST 

. - t,OAD_ FJLE_AnORESS„ ■ __ 

^=§p>EE^NEr-MAiNT£NANCE^OUT'lNE?E=Pi^^^'^^ 
E£^^ART7T^GENFRAT0R:"CHf^JC^5UB5EG1El0N^-^“-^ 
BANK TEST SUBSECTION 
READ DATA 

_READ.,STROBE SUBROUTINE __ . _ 


0nn4G5 ^ 
noo4f.f» 
000467.^: 
00046R :^ 
",0004^9 ^ 
000470 ^ 
000471 
00047? 
000473 .; 
on 0474. J 
000475 ^ 
i 00 0476-^ 
:CO 00477 ^ 
00047R i 
„000479 .i 
^004H0-^ 
^0n04fll 3 
F.0004ft??= 
0004R3 j 
0004fl4 j 
_Q0D4fl5.J 
00486^ 
^d^7# 
HOd04RI^ 
0n04R9 
000490 

^000492^ 

i:ndd493i= 

EzO(iQ^4~ 
000495 
00049ft 
. J)DQ49.7_ . 
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_ page 15 


date: 11/11/11 


n49R 


ROUTINE NAME LADLE ARREVTATTONS (CONT.) 


000499 



REJFCT ROUTTNF: _ 

REWIND .-OEF LINE-:. - 
REPLY ROUTINE 
REWIND 

search FILE mark backward 
SEARCH'ILE NARK forward l 
SET GOr^SURROUtlNEr - “ 

SENSE :SUHRnUTfNE -- _ 

SPACE FOWARD 
SELF TEST 1 

SELF_TE5T ? .... 

SElf-iTEST 3^: 

selft^st'a 7:^“, 

TESt£3ATATrSU0frQUTlN&^ 
TERMINATE FORMATTER BUSY 
TERMINATE BUSY ROUTINE 
TERMINATE READ/DIRECTOR FUNCTION 
JT^ANSRQRl^TAfUS 

ONifeSEC E ilf /DESELECT 
VARIABLE ERASE 
A/0 WAITING LOOP 
WRITE FILE mark 





Wfgg'ECSTROPE SliBROU 
WRllfeOATA-' ; ' 1- 


000501^^::^ 
00050? _ 

000503 
000504 
000505 . 

000506 4 

000507- 
n 0 050ft 
000509 
000510 

„ 000511_.J 

"^000512^13 
33000513 a 

330005f4Haa 

000515 I 
000516 i 

,.-000517_i 

EpO (lost 5^333 
^OOSTR^ a 
^000^2033333 
000521 0 

000522 I 

^Q1IK3 .-.—4 
a0OO:S24a3£3| 
3300052^^33 
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; Oqpq 
0510 
« 0511 





PAGE 


date: 11/11/1:1^^ 


»«*««««««»««««»»» 

* * 

* _»«».. MASTER.,CLEAR AND CLEAR CONTRO LLEB-5*^ » 

«>i>'« o oo o'ooooboDoon <» o a o boo bob b ob'^^b b 


000510 

000531 

000532 

-7000531 

000514 


05iq STARTl .UJP„_.H C1 .. 

^ilf '• ■ ■: ~7- 

T^OSIf. 

0517 LOC RAMADOiSOA 

0517 PnOO? R404 
051R 


_000536 


-:7k FORCEIbuS PEL I N£3U 


iH) 51 A ^PjljlM ZP 

0540 

0540 Po6o5 0043 
05 A 1 


_Lt)C 


RAM0.*$FF. 


.CLE4R .JIJTFBRUPt.jRFQUE5TS_^ 


00053R 


.J10Q539 



0546 : 

0546 POOOB ?C0f) 
0547 


Mcn 


CJP SLCTOJC*MC13 

UJP_____ 



000547 

0005-48. 




S^^00054R^^ 


0549 

0549 POOOE 0043 

L-0550_ 


UJP TRR4 

SPAPE_-^... 


000.550 

-800551.. 


. iiiitiiiiilli..., . , iiiiil.i.iili. 
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use;? 

OSS? 

0SS4 

nsss 

'0SS6 




PAGE 17 


date: 


ft ft 

ft _ ftftft REPLY PnUTTHF ftft* ___ ft 

ft W# ft ft ft ft ft ft ft ft ft ft ftftft ftft ft ft ft ftft ft ft ft^ft ftftftttftOfttt ft ft ft ft Sftft ft ft ft ft ft ■' 


ono5s? 

onnss4 

000S55 

000556: 

000557 


nssR 

osso :=:^i 


on?o P 


ORG START1+S20 


Z - - . RPL Y 

OSftO POOPl 0051 


000559 


Q56 f 



0564 
; 0565 

0566 

|=r^ 


* «** REJECT ROUTINE *»* * 

* . *- 
ftftftftftftftftftftftftftftftttftftftftftftftftftftftftftftftftftftftftftftftftftftftttftftftftftftftftftft^fti^ftftftftftftftft 



000563^^:^ 
^ 0056^^3 
000565 
000566 i 
000561 



056fi 

056fl POO?? MPF 
_0S69J^ 


RJCI 


CLOl REJ 

..UJP:„..WLt_ 


ISSUE REJECT 


000569 

000570. 
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/ 


j PAGF lA 04TP: n/ii/iir 


0c;7? 00 0571 

nP71 <* « 000574 , 

. 0F74 __ » _ •»»<» AUTOLOAn JUMP RnUTINF _ _.» 000575 : 

F 0^76 -:-!^ ::rt==E=rn^iTdrg- ttl><ttt<t<t^^<t<^ttoo«»<t»&o<t<»«>o<>o<»oooooouo«ooCTooo«><>o»oo«ooo«ooy^ 'P 000577 i 


. 0F7A _ALJl_CJP__._AUlOUn.WLl 

^- 057A Poo?5 — V v;; 

^0579 ^ " ^ 

=.0579T{?ndpfi - , 

Ot^AO SFF ALDFNFF 

; 05R0 p6o?7 bfoc 

L 05A1..... _ALJ4. -SEF__BUSY .. 

^ 0 5 A 

I 05- - _ -rE O CE^rgeRFG bj so 0 

p 05R;?£EP0i02a'.;:gI^0'-”-^^::^===H=^=s:~±Tr"-’ --_- 

' 05R3 UJP BSC9 

; 05A3 po6?a ooao 

. 05fl4 _ AIJIO SFF_SfMKEE_ 

t05RSE5=?=HEH~S=^^fRFF2 £^MPF=EE^ 

^ n5B^a>ofe? fes a^AgS^s^;^-;-^-^ --2 2^2:2^ ^ 

^ 05R6 RFF PARMD , 

' 05R6 POOPD AFIB 

^05A7„.,,__ __ '.. „ „ SFF_RMPJNKS : 



sample AUTOLO switch twice . 000579 , 

UNIT SFLFCTFn? YF5rAHnpf^U:^C5^^2|M30^«0 2 
SFT AUTOl.n FLAG 000581 

ENTER. BUSY _ 0p0582^.J 

NORMAL BUS OONNFCT' 'FL AG- Q 0583 ^2 
FNTER BUS rONNFCT 000584 i 

_ ^ - : . _ _ ■ 0 00585^ 

SELEGI; Qnb' pARITY^^^ M^ ^i g^^g^^^gojj^fijl 

000587 

._ _ _ _ _ _ J)0Q5a8_ 

JUMP ;t0. SEL“ECT firSL 'y nITJRE ADY ^^U'Eli.Co0 0589J 
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i'Ar.p 


D4TI-: 11/11/11 


o * 

o ««« jppmTMATF PIISY POUTINP" ■» 

■* ■ - - ' . - 

oimotnnnnnnnnnKnnnnnnnntinntttittnntainttKutaptuKtcao^^o^paoqadomfifiif^^ifif 


nno 5 Pl 
on 05^2 

000593 . 
000596 1 
000595 4 


0596 0040 P 

^ 0507 : .... tI 54lPPl: 

At^q?;;Po 6^0 

^i:059Ai777-^'' .' 

0595 90041 AFIO 
0599 

^,0599 P004? A4?c _ ___ 

I ^fr ^044 BF?0 

rV 060^;';,'—■: ■ 

Pn045 «^_QJ _ „ „ 


CRO 

STAPT1+S40 

■RFF- 

5FLBF2 

r:ortr7.-- 

.;- -7pMnnD ' —' - 

RFFCL OMWRPT^CLOSTR 

SSFFg^ 



IMITlALIZe FLIP FLOPS. 


000597. J 
--000598'^ 


I (1404 p 6647 tfcb 

[ _ - • 


?^FFf£^^NAt;U=7f- --3-.'^^ 

LDC BFPUDtSOl 




LOAD 1 FOR INCRFMENTATTON 

TO R RFGISTFR 


i000599^ 

000600 j 

pSIlB 

! 

000603 i 

000606 
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fl 


i-»A f f- 


r)ATf-': 11/11/11 


n '1 n 




r.jR 

ppi'-xpr ,poi 1 

0 < rt M 

on 040 

op.pn 




1 n 






''■^1 P 




C JP 

rOUT «TRR11 

0^.1? 

POO/. A 

1 A4P 




nf, 1 1 






1 F 



TPPl 0 

CviR 

RMSR.TRRl? 

061E 

POOAP 

S04F 




Of. If, 



.- 

CJP 

:/ALARMJCtTRRll 

0616 

POOAf 

E44F 


- - . 


0617 



o 



0618 




UJP 

TPBl? 


pwFvfODS roMMAMn ci.Fap nnofiin 

CONJTPOLLFk'5 YFS-ISSUF reply 00061 1 

FOP TNTFRPUPT RFQIlFSTFfS? YFS- ^ 000613 

SFT TNTFpRdPT PFSPONSF 000614 

ALARM imTFRPUPT RFOUESTFO?.000616 

YFS - CHFCK ALARMI IF ArTlVF iMP^^^'^0-0617 

SFT INTERRUPT RESPONSE 000618 

000619 


0618 Pn,0.4n„OO4E 



































n 


r A 




r-iA f r : M / n / ll 


<> <;■ ■;> t> <5 <:■ i: < i)- <;■ <r ■;► it -si <: <:• <:■ <> i> w -> ij « •!> .> - MHH} u i> {nnnn>tt<nn»<»«» 

« it 

it a‘Mr ^/(< v A T T T I OOP •»»<> <». 


'i it it « ‘Mi it (Hi--SH^ 


nonft?4 

nnn<^?q 

00062^^ 

000627 

nno6?fl 


I f- -tQ 

nf.?n Pnom 0 P 6 F 
i\f~ xri 

OAin POOF? 

Of-'\\ 

Of ?? 

Of?? POOF? FF'^ft 
Of?? 

06^3 PnoFf. 

0634;- - ■ 

0634 Ponss 4FS7 
063F 

063®; POOSft 3C2S 


Wl 1 


T:. . 


rjp 

rjp 


rjp 

wr4. : vfJP 

zl^^xijp - 

rjp 


PMf- XFT« AOFI 
0 ^(R|ISJC* WL4 

RUSRSY»WLP 

_RMFXFC*A0F1 

AUTOLDtWLfi 

0NRIISJC*ALJ1 




“rl- 

0633 

0633 p 6058 Wl 
0639 . ^ ■ « 


PL fu. ^>?r JfeEEf^M^C ¥A QEI 


t'... -■„•.■ 




CJP ONOFLNtWLl 


A/Q COMmanH RFCFIVFn? 

CHECK CO^!nTTlQ^!E FOR ALTFRNATrJ 
RlJS RFOUFST TMTFRRUPT 


000630 

000631 

000632 

000633 


0 (^634:' J 

AUTOLOAD SWITCH.- 00^3^ 

no HOT PFRFORM AUTOLOAD IF 000636 


;• CONTROLLfr is o.KirBUS- 


LINE SWITCH OFF? YES - PFRFORM 
OFF, LINE MAiNTEMANCE,..™: 


000639 

-0Q06AQ. 


E-H~064az^aDa S 5 E E gg2fl £=S^ 


I3E;EEE:EE£EEEEE~E=H1 OOfiST^HEl 






CJR 

CJP 


RALTiJC*WLl2 


0641 POOSA OflSF 
• 0642 

L .. 0642 .J? 0 Q 5 P,jL 45 n„—...,........:., 


000643 


(V644 POOSO fiF2fl 
064S 

0646 _ 


=EE3«3-:^^^SFFEHE“TNfRSre 


- - CQNT-lj^yE:'L 0 d^--Z 2 i^^ n00644>^ 

' 5Et-“tNff RRUPt?RFSPONSF FOR^- ' - ~ - 00064B --:3 


.JUJP:,^^. „WLL 


ALTERNATE PUS REQUEST 


000646 

000647 
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0 ^ ^,0 


(>^rf ?p n ate: 11 / 11/11 

ii <i a a a <> <> <i « v ,« <:- •»> <> <:•<:• -imhj -innnnnnnj i:--!nnnnnnKnnnnnf <nnnn» «.*«»»« -tnj «««.<>•» «•«»* «• 

o 

o inio A/n FXFCUTF MOIITTNJF ^ _ 

■ rr-O ;»«•»«<»■»-iHt ««-tut-iHl-lHHt «»•» <» iK> O ■!> aOU tttt O O O O « O O «« a O O «« O O O « O O « O E - -; 


OOn 6 AQ 
POO^SO 
nnn 6 Si 
P0065? ] 
000653 ^ 



06^4 Aon i.nc _ wcn»’^io loao mask . . __ nnosss 

n 6 SA'P 005 F Aftin _—• x; . : ':-L.^:x::x-:::^:::xEEEEEE H^:E^EE EE^^ .. ,: x-..j 

FX X O^^S E r SAMPLF Q L TAlES'E^twrCF^E onOfiSA^ 

0656 COMPR OS.PFPLS 000657 

0656 p 6061 F36n 


.,,: .. Cyl P ....^ . COMP^ARF^ BOTH Q LINE,.SAMPL ES- 0 00658- j 

0659 A0F6 ORCB WCS*BF2LS*Prn MASK AND PRFLOAn Q LINF 000660 ^ 

r 0659 P6 o64 E761 - I 
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PAGF ?1 


HATF: n/U /11 




...**.^±********* INPUT JMSTRUCTION DECODF *<»**»*»«*?***■»******* 


E - on 1 HEPS 

0666 

0666 POOIO 00?? 

0667 _ 

0667 Pool 1 :00 ?Q?;ze: 
HEi)66B 

0660 -POffl? 0105 
06 60 

0660 Pom ooFB 

06 70 

^0670EP0IT1 ^:^ F6 
^^6 TIRES 

ErHOGTl^Oili^llO^s: 
067? 

067? p6616 0022 

r 0671 


^teSTART 1 + $ 10 
UJP RJCl 


_UvJP 


PPL 1 



ILLEGAL COnP 
AOUT. status ^ 

C U RHEN T W'O R n R 51A f iTs 
CURRENT RANK STATUS 
FIL ^,S T.ATUS, . 
ETRA ^^gRT ESTA t US- 
ILLEGAL CORE 

iluegai- core 


000664 

000666 

000667 

000668 

000669 

000670 


QQ06?L 



.Q 0 Q 674 . 


^0674^ 
g^:0674 
0675 

; 0675 pooiq 002 ^ 

0676 

|rE06_ _ 

0678 UJP 

0678 POOiC 0022 

L ^^79 __ _________ U JP 

^ O67yi§tV 0ag’Sgg?^^ 

Si::iD 6 qO'E;=SR====£ 

gsQ689S 
0681 

: 0681 POOIF 0022 


ILLEGAL CODE 

ILLEGAL COnE 
ILLEG AL, CODE _ 
-ILLEGAL. CODE' ~ 

TlJP RJCl ILLEGAL CODE 


=^EOOO&75R 




000676 

_0 QQ6JT L__ 

000679 
0006HQ , 

^2^-. no 06AT- f?'^ 

000682 
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nATE« 11/U/u; 



»»«««»»«<»<»»»»«»»»«» output instruction decode **«*****«»»«*****<»» 


0006fl5 


r-F Ofiflfi TVD3I^EF=^=30 RG^fe5T*RTT ♦530 -: 

Ofq? UJP RJCl 

06R7 PnoRn 0022 

Offlq _ ■■ _UJP_- DEDl 

F?: o^R9:'r' WAI 

0690 UJP BKSl 

0690 POOTB OOFC 

; 0691 ' _UJP „_tF61 

0692FJ?h:n3G-:M 

0691 UJP UNSl 

0693 p6036 0069 

_ 0694 __. U JP __..,R L1 __ 

‘ 069^^^^^ UJP IROl 

0696 p6639 6oC5 

0697 __ UJP RJCl 


ILLEGAL COOF 


DIRECTOR FUNCTION. 


FIRST “WORD, address' 


RANK SFLFCT 
LOAD FILE ADDRESS 


^ 0006R7 
0006Rfl 

000609 

: 000690 

000691 

_.. 000692 


ASSEMBLE/SFNSF NEXT-HEADY,:FE:- 


E3=EEF~E=^ Jin 0693 


UNIT SFLFCT 


BLOCK length 


BUS CONNECT 


INTERRUPT RFOUFST 


ILLEGAI. CODE 


.000695 




LLE6 aLf C0DE;%: 


0699 UJP STAl 

0699 POOSC 0150 

0700__ " - - ■- ’ _ UJP_STRl 

0702 UJP STDl 

0702 p663F 0126 


SELF TEST 1 


SELF TEST . 2. 


000697 

^P699~^ 
000700 j 

_QQ 0101 „J 


SELEfTEST^^;?: 
SELF TEST 4 


000702- 


000703 
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PAGF 


DATE! ll/ll/ll 


0704 

070q 

0706 

-0707 

070A 


* o 

J»_ ««» UNIT SFI.ECT/nFSFLECT J - _ * 

*;*o ■tt-■o ■O-Jt•O•iHt^ oo■OOoo.tt tt o* o*-0.<t ■a o «o o o o o o •» o o o 6j» iiS0 oi#o» *uii 0o* o ^ o<j o 


000705 

000706 

000707 

OOQTbfl 

000709 


0710 0 069 P 

0711 

07lL:P0O^: 

.07ia-^^. 

071? POOGA CFF2 . 

07n 

0711 P006R ^065 


OPG START1^S69 
MSI>^^JP -: ONBlJSJCrR.ini^:^ 


ON BUS? MO * 



St '/AT NLS VB R FGOr 

CJP BMSPfUNSSO 
:s§K3R5SS^U MfPRT *UMS \ l:S 


;SAVF-A LINFS 

nFSFLFCT? ,"• 


SFlFCT : PROmetFffeeSSJrS 


000711 

000712 




0715 P006n AFOO 
0716 .. 

0716 P0b6F 0071 


iFfesSMTPRT 

UJP UNS13 






_^_^._„„JfATTF^PT|T@pS£Lf;w^SQ^ 

SFT-^dNlRGCLERiplbTE^tFriSH 

071fl P0070 RFOO 

0719 UMS13 TA AINUS.WCD SAVE A LINES UPPER 

J)719 Pb07l CBF3 ___ __ _ _ __ __ 


0007^13 
000714 

00 oM? 

^iiEHSob{17-¥6- 

000717 

diioMa* 




E=nff07t9 

000720 




^30 00721: 


0721 PO073 832E 
0722 


PLUS PCS*BF2US*RAMD 


^0 00722 


000723 

CAL'L^GLEAR STATUS SUBRnutTNE “0-V"3-S-“S'^_-T)n0724^. 
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07?S .. RFF TAOO 

07?S p6676 AF21 

.. 07g6 ' - '..'V ■ « - ___;■;;.. 

i n7?B p667fl BF2i 

n7?P UNS?1 LSFT PRFGSfBRFGD 

^ P??9,Pnn T*^ GFGC _ ^ __ . _.. 

073^ •ES.{~ ^^^^^=HMPfc9ijN'sig'^ 

0731 Pn07B 2B76 

073? SFF TADl 

_- -i: .=:.- 

r~ 0734 Po 67F CFFl EC 

0735 ♦ 

!_ 0736 RFF OFN __ 

SFF DEN 

1 073fl POOfii RF?5 


oyui ■ ; ' 

0741 P00fl4 2flB9 


CJP , BMDL*UNS37 
CJ P t Rk7tUNS35 


[ 0744 UNS35 SFF 

t 0744 Ponat BF18 

h __0745 ' . _ SFF 

Ee-.-:-E::E=:SE --, ■•: 




PARMD 


PARFF 







[iiiLiiiii__ .iniiiiiiiiu.m:i;uiuu.,..-.iii.iiimui *... iiii..i.;iii._ iiuiiii. 













































































C-28 60476010 A 


' PAGF ?7 nATF: ll/ll/n^ _ ^ 

0747 UNS37 LDC PAMADOfUfi ASSEmRLF STATIC TRANSPORT 000748 [ 

0747 P008P 8406 I 

0748 ___ STATUS _ _ „ _ O00749 

; 0749 ~ --l?AMntS1F :-A . --000750 - 

'ri -- O7S0. M6p2fUNS42-./-]f-:-:: - :. ASS5MRLF MODE.?6f^To»£3^2lEr^-:' - noOTSi - 3 

07S0 P0088 7AflF 

07m LOC PF?l D*5F7 ' 0007S? 

07S1 PO08r 8nF7_^ ^ ! 

i 07S? 3 : -_ ^ 000753 - ^ 

r - 0753 :^". . ■ ^^^^jt^S4g^C3FK^^0prtUNS45-^'^^^ ASSFMRLF MOhF- OPTION' I----000754 

07S3 P0n8F 7C9i 

0754 . LOC RF?LO*SFF ' 0O0755 

o754.po68f poff _____ . _ - __:_Ci:: ___; 

t \ M f 00756| ' - 

• : iTv"?"!X ASSEMBLE SPEEn^^fmTT060757 

0756 PnOOi 7694 i 

0757 LDC. BF?LD*$FR 000758 ' 

;_ 0757 P OQQ? 8DFR ....... .... _,. _ __^__ 

- - .vGFTTunTT ^SFLFCfFD-FLAG' 

0759 P6o94 BF05 

0760 UJP^ FXTT OO0761 

' _0760 p609^6040 _ ^ „ _ „ _ _ _ _ _ ___ __ 

gp^ fe76^p ^y^g^ ^j .0N55Qg^R:-^:' UNIT^ESELlCTri^^^^^fli^00^3^pl 

0763 RFF fen RESET SELECT STATUSES 000764 ' 

0763 P6666 AFi2 

_ 0 764 nit - - .- .. - - ,..-..,...,,..„,.™.__-..,_ ^. .. _0QQ765 _ J 
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,- PAGF 2fi DATFJ Il/IUH:, 


(> 7 (S 7 0 nn 7 f>R 

07 f.R * * nn 07 f .9 

. 07 GQ . »... _ •»»« BUS COMNECT/RELFASE <><»« _ ___ _ 000770 

^^-<^771 : : <>”y::\ 00077 ? 


0771 00 99 P 

:: 0774 

0774 90099 CFIOJ 
i ' 077*^ 

077S P009fl S09E 
0774 

0774 POOPP AF?3 

^.0777 ; 

0777^f^09C;AiF^i 

:^T 

077R POOQD 00?0 
0779 

07 79 POQPF AFOl 


_OPG. STARTl*Ji 99 

iStaiEEL^ A;:^;^J^ 1 NLS » BREGD 


E^£^c * RSC 7 

RFF ONBUSFF 

iFf^o&Osr 


-ijjpE^pta—- - 

BSr 7 RFF EOP 


.. 000774 

SAVE A LINES LOWERr^J^^jl: Er 00077 S 

PtJS ONNECT~ OPEREtFASFV^fE ;000774 

RELEASE BUS 000777 

-EXTTETO REPLY _--^EI^^=i^^^HzSErE ^00779 

PUS CONNECT-ENTER BUSY 0007 BO 


‘ 07 fll POOAO F 69 F 
f 078 ? 

? 078 ? POOAT 00 89 



UJP CSTl 


CALL CLEAR STATUS SUBROUTINE 000783 




0784 P 00 A 3 5 FFF 
07 RS 

07 flS PO OA 4 RF?g 


_ 

r 07 R 8 


FORCE 

;:- 2 ^i:I^E::- HUS BUSY? - 

NOI SIGNAL ALTERNATE THAT BUS 000786 


~cjp;i 


SEE RORUSl 




iH^E^^£C0NNEGT^-lS?:1Al:^PR0GRESS 


NOOP 


7000787 

000788 

000789 


07 R 8 P 00 A 6 RFFF 
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PAGE ?9 


0790 CJP PUSRSYfBSCPS 

0700 P00A7 5FFF 

0701 ___RSrl7 RFF PQRUS? 

0701 POOAR _ -~r 

070? ::/3^==^^E^Il-SL'Sfr - ONRUSFF _ 

070? P00A9:Be^^=^^-~- ' ' 

0707 CJP ALnFNjr*ALJlO 

0707 POOAA 1C?R 
0704 « 


0796 

0707 SFF OFLMTFF 

0797 POOAC RFOA 

L 079R _ „ __UJP„_ALJ10 

0 7 og^te V-- 

E^HOB ;:^^siE^SG^SSS^f§=i:f?Gal}Sr=: ^ : 

OPOO POIFO RF?A 

OROi SFF ROBUSl 

OPOliPfll^JlF?? _ __ 

E OROA ’ BSr?6 RFF RQRUSl 

0P04 POOAF AF22 

y 0PQg_ __ " NOOP_ 


0P07 POOPO AFOF 

OBOR RFF FRCRUS 

_ ORO R PpRl A^A 

' oRto p66b 3 5ep3 

: ORll UJP RSC17 

.. OPll p60R4 00A8 _ _ 
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/" 


\ 



OPIA 
OPIS 
0816 
Op 17 


PAGE 30 patf: 1 l/il/l l- 


♦ * 

■»«* BIJS.PFLINOUISH ROUTINF ««« . _ - ^ _ * 



000814 
000815 
000816 . 
000817 i 
0008 IP ^ 


0819 

08;>n 

OPBO P01?R 
OPPl V 



START1+*1?R 
*5iOA 


iSD^AMD»S7F 


0P?1 P01?r 867F 
OP?? SFFCL ALARMFFfSWSTR 


OP?p POlPn RFPF ____ 

0 


. ..000820 . 

SFT -RUS RFLTNOUfSH STAW5 

SFT alarm ,000823 


08? q . -■__ ___QQ0826_ 

SUBROUTINE -■:: 

Or? 9 <nnnn»*«»«*************tt»tt«tt«v**<»<nn»<to**»«*ttott*'»*tt<nn»tt**<nnn».**-»**** 000830 i 




' 0832 POOfiS AF37 : 

0833 ' « • and FORMATTFR COMMAND P/F»S 000834 

,.. 0834____RF_F__._FM.KST__ ______ _'_000835 . 
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PAGF 31 




RFFCL ALAPMFF»CLSTAT 

0036 POOR? A72F 

nR37 _ _ _ RFF FRS 

. nRT7 POORR - : - : : 

h nft3R FOTST*CLHFR 

Ll - 0R3R PnnPQ r : 

r ORiq RFF WFM 

OfllQ PnnRA AF36 

0R40 _ . RFF _ CFR5T 

i ■ nR4n PoftRR . 

h nR4i :- l^^ S ^^ggg ftF FlI^SPMtCLDSTH 

l: ^ nR4l 'PnoPC 'A43l=^;===^=Es^-#5::i?i:;-- - - ---• - 

0P4? RFF WRT 

nR4P POORn AF13 

0043 __^(J)C_ RAMA00*S0B _ _ 

nR4‘=; LDC RAMOfSFF 

nfl45 POOCO R6FF 

u 0P46:. - ' “ ' ...LDCL._RAHADn*$OA_ 

0P4fl LDC RAMADOfSOO 

Ofl4a P00C3 «406 

OR49., ■ . - ~- __ PLUS RAMSfjBF_2US,*PCD . 



1 


DATF: 11/11/11 


000837 
O00R3R 
000839 
000840 
000841 
00084? V: " 
000843 
QQQ844 . _ 

000846 

. . ^., - _., _., -- — _ _QAQg^T ::-^.-_■ 

000849 

RFTURN .. . ___ __, 000850_ 



CLFAR alarm STATUS WORn_ 
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- PAGF 3? 


HATEI 11/11/11 


flRS? , :. P « 

OPS? ' .^ INTERRUPT REQUEST " 

0P55 


OOORS? ! 
nnoflSl 1 
nOOR54 I 
nooflBs •; 
nnoRS/v : 


ops? _—JRQl _TA,. AINLSfBREGQ . MOVE A LINES LOWER_TO q REG. OOOaSfl 

r :-0«57 Poors - ;\ .... . ■^-^ ^r^;:.v 

r j OPSB _ "^ JZfE^^fsZ^ i ^^^i LPgiZRAMflnntfOA . - ; :; ^ ^ . nooasQ 

0«SQ CJP BMSP*IR05 CLEAR INTERRUPTS? OOOflSO 

opqq Poor? socR 

OPPO ____REF....JNTRSP . YES-i^ESET INTERRUPT._REQ11ESTS__ 000961 . . 

r.. 0^60 POnCP - - : - : - ^ 

^ 0961 ; - Z -- - ~ - and RESPONSE- . ^ 0 - 

Ev 0R6? ^ ^ : .: 000963 ^ ^ 

096? Poors aeor 

0P63 LOG RAMDtfEE ' 000R64 

0P63 POnCA R6FE _____ _ _ _ ___ Z__ 

M 0A6AEi^ZZH-Z: BREGDZ -Z _.- - •-“ ". ' - •: 

Z:..r 0R64E^pGB^^T!Ecc:vZ^ZrZ^ZZZ=^ZZZ£^^'-^ ' Z 

_ --_ _- -- r-_-_ -=-_- — .: ., t ^ 

0 R 6 S poocc rnrc 

0R66 ANDAB RAMS*BE?LS*RAMr) SAVE ALARM AND FOP INTERRUPT 000967 

0fl66„PMcrLji,6B0_ ..___ ._ ._____r_ 

Z. ;Z.096 ;7^=;^= ==^^ ^gES E^ZgL - -: _- '- - -: REQUESTS InZeILE- ;'Z-': ,£“-'"5 : 

- ' --C3P£3F!J©i^milK-Z::^f.Z*^£.„.__ alters :fNTEMiptZREOUE?tEn?-^'^^^^009?0-ZZ;Z^^^ 

0969 POOGE 50D0 

0R70 SEE RAUTIFE 000871 

0R70_P00CE_ B09__ __ _ _ 

1. . OZJCJP^a»|QC^T?Qr^Z?^Z - - - "Z-^^^'ZZZZZZZ-.-Z "-- -■ ..-Z^Z^ZZZ: .6(^B7?-ZZZ“‘ i 

?■ ■..-^:^^87l^F^b0Z^5 ^~^ Z-ZZ::^;rZ^'.-'.- -•Z:^Z'.-..,^-::;Z-Zz;:^''.v ' .'- ZZZZ.. -■-■■ '■.Z..'.Z - 

L. .:-EbB7iKZZEZ=EiZ^=^=sZr;^ ^rUJP^zRfii^7Ei;£Z::^^-^^^:feEE:^2z;r exIT^TO Ob0973^z^E^ , 

097? pooni oo?o 










































n 




PAGE: 33 


date; ll/M/Vl; 


ORTA 012F P ORG STARTl^$l?r 

nR7S _ TR012 CJP RMDLtRPLl 

0R7R PnV?F ?R?0 
nft76 . 


0R7a 

np7B pnnn Rpan 

0R7Q 

0R7R Pom on?o 
ORAn 
rORRO P013? 



SET INTEPRUPT RESPONE TF ALARM 
IS ACT IVE AMD L 

RFODESTED - 
EXIT TO REPLY 


000875 

000878 

000877 

000870^ 

000880 

000881 


1 . . __ 

0886 





«»«««»•««««««*««««»»»««<»»»«»««»«»«»««««««««««««««»»««««««««»»««»» 


000^^883^ 

_000884:^__ 

OftOg?ltS^i=3 
000887 I 


r 0889 P 6662 ; 3 C 22 

I 0800 -, l 

0890 pno n3 BFot 


LDC BRE60f$07 





=7100890^^“ 
000891 





SETi^BESFl ECT-^^STS^OST; 


0892 POODS 8940 
0893 

0893 POODG 8 C 66 
:^89 


tSTS. LDC AOUTLD»SOO 



:T R AHSRORT iOft^ TNE-?^-^ 


000894 
% 000895 
^^OO0fl94S.. 


0895 P 00 D 8 70 D 8 
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/ 




34 


0407 >- tnc AOUTUDttftO 

0497 p60D9 8940 

0494 UJP TSTB 

^ A494 : ^ ■.. 

1^: T0PO9 

Erl :llO 4 99 PO nBfeEftEO fe ZESll^E^lEElvr:ilEElllE:: - - I' 1 1. 

oooo LOC RF?Ln«ftFR 

OQOO POOOr 80FB ' 

oool _ _ _ ANOAB RRFGSfRFPLSfRRFGn 

L QQQ? " . - _-';v 

0003 LDC BF?LO«?FF 

0003 POOnF 40FF 

0004 _ ,J^Nr>AR-PgE'<^5*RFgL5»RRFfin 

0006 ^ ^ ^ CJP LDP*TST19 

0906 POOF? 56E4 

‘ _-0907 __ __ __ANOAP RBEGStRF?LS*PRF0D 

AouTuD ""i:- 

i 0909 ' LHC RAMAODtSOe 

1 0909 P06F5 4406 

: 09 10 __ ___ j_C JP N R2!»TST?4 _ 

g=sa^i^^^ ^ - ^^^ ggi^>i&j![sgsa^eEa:siyouTt£Di 


J 0912 UJP RPLl 

f 0912 p 66 E 8 0020 , 

i 09 JJ„„^^ _Q 09 A_P___._ 0 R^_STARn±S 96 _. 

; 0^5 POOR? 0020 ^ " 

0016 SPARE 

091 6 POOOR FFFF __ _ 


hate: 11/11/11 

SET OFF LINE STATUS 000494 

00 0899 

SAMPLE FEIt Ji^RinF GX^TAWS , 000900 ! 

000901 
. 000902 

SAMPLE REWIN^AtaTUS^ 000903 ' 

000904 

.- _ .. _.000905_ . 

sample load point status 000907 

I 

rr_ ^ ___0 00908_ 

; 000910 

SAMPLE^ >^RZJ ^ ^US_^_^ ... .;.■■■■. .QQ Q91L_ 

000913 

■ ^ __ ■■.^_-^,_00Q9I4 -^ _- , 


000917 



















































C-36 60476010 A 


. PAPF 3S date: 11/11/11 


OQIR «««»»»*««<»*■»«««*<»<»«««»«««»<»*««««««<»«*«•»» »•» »««**** *«***««**«* **«<»<» 00n9lQ 

noiQ » .• ' « oooqpo 

OQ?n « . . *«« FIRST ^.WORn ADOPFSS *»<> ^ -__ ^ - 000921 


OQPA 00 F 9 P _^ - _ _ __ 000925 __ .• 

J-~“.:'£:-:r-- -/ move' a LINES .TO-CWAxHilif5|.Ff^^^^w--OOn927 ^ii^3 I 


0926 PnOFA CR03 , '. 

0927 UJP RPLl FXIT ' ’ 000920 

0927 POOFR 0020 
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f 







Uoin »»«»#«««tt««»««««o««««tt««««««»««u«««4>««o««»«a«t»«a»»«»«««»«««««4»«»4» 00093P 

no 3 q • * 000940 

• nQ40 _ « _ _ _ RLOf^.K LFN^’TH «** ■ . * .000941 

rri O 94 ? - ■ ■...:r:lr^::===:~=::= =^- tl ^^v :ifi'ir^^ »OOPO a ««0 Q 0 OO««-- ; 10 0 094.1 


„ . 0944 ^ ^ ^ ^ PLI _ LPC^^JPAMA Dfi^j^. MOVE _4 LI NFS . J 0_FJ:L£19XA^D _, ^.,777 y , 7 -^^ 000945 

' 094ft POOFF CftF2 

0947 LDC RAMADn*509 000949 

;...-C'947.,POOFO 940.9 . -_ ___ - . . _ _ 

£^^949^^^^^^:^^ 7 = f-X :: 

0949 POOF? on?o 



£_7“ O 95 I ■ -~ '- ‘ ■--'=-^— 

0951 * *»* LOAD FILF ADDRESS *♦* o ^^00954 

C 0954 * * 000955 

0q55 __ _ »»«»««« «»»»»« »*«««»«>»»■»»»»»«■»««»»«■»»«»«»»»»»»»»»»»»»»»»»»»»» »»« » « _0QQ956_ _ 




0957 LFAl CA AINLStBREGD MOVE A LINES TO fl REGISTER 000958 

0957 P66F3 CFO? 











































































C-38 


[)o^n 


09f.6 

P066; 

^^Q67 

04f*4 

09f>9 

flQAQ 

0970’ 

fi 970 

0 P 71 

0971 


®973 

0974 

0979 

np)^^ 

5977 - 


0979 

0979 

:nQob 

^oai 

^981 


rA4f>4A 37~^ 


. 1- 11 / 11/11 


» . # 
* FILE STATUS . .. ..* 


o « 99 00 'aoo o o • i»«9 ««>jo » « « » 9o o o o o » « « » »» 9 « 9 » « 9 ilEKlBBli #9 - 


000961 i 
000962 i 
000963 J 
000964:'^ 
00 0965 r-:i 3 


R^FS 

PnBF6 

P 0 bF 7 

POfe 

F^bFP 

POOFA 


BPF0.SfRAMADD 



load_file address 


CCttO^s^: 
F49C 

pob - 
¥020 . 

EFFF 


^^^rLOAn:.riL€ '5TA70S-ST O:^Em ;^Egiaii 


PLUS BREGS*BF2UStRAMAOD 
CA RAMSt A OUTUP__. 


INCREMENT FILE ADDRESS 
L0AD„F_ILE address _ TQ a PUT-UP 




000967 ^ 

S"nop96fl]v^ 
000969 
000970 ^ J 
:ono 97 i- ^ 


000-972 




« O «« « » <t« »«'« O « jA « « wA-ff A 4 A¥» < 11 ^ j 

. : tt « 

* «*« CURRENT BANK STATUS * 


000975 
000976 
0 QQ 9.77 _J 



CBSl LOC AOUTUD *$00 


DECODE BANK REGISTER AND LOAD 


000980 



Ef=:o<>fOj filar or OD' To-Aout-iREG-iH^^^sfiEii^^ob'oMii 

^D5S^RE-GD;f 00982^ 
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^ ; ei 1 /1 1/ i^: 


nOfl3 CJP CWAULtCBS6 000984 

0981 ponrn 1700 

^ "0984 PQQFF ^5gg - OOO'^AS 

0986 CBS6 CJP CWAUM*CBS9 000987 

: 0986 PoioO ?F03 

^0987 POTaI ^ 1 ^ 0 j toe _^ _: _ 0 ^0988 

0989 CBS9 TA RPFGStAOUTLD 000990 

I 0989 P0i03 CCF4 


„ 0990 __ _ _ • IJJP RPLJ _ _ FXTT, . .. . _ 00 0991 



Oqq? ««««»«*««•«««««««»»«»««««'»««»««««««»««»«»»«<»««»««»»«««»«»«««»«««« 000993 ^ 

i, 0993 „*_' __^__ _ __ __♦_ ___ _QQ0994 __ ‘ 


^ ■ : 
: • ■ : _ _ . ■ I 


■ 1000 

i 1000 POIOG D9A0 ■ 

TB 

CWAUStAOUTUO 



OOlOOl 

i 1001 

___yjp_ 

RPLl 

FXIT 

___ __ 

.:..- QjQioiia 





















































































n 

I 

a 


inoi 

innA 

lonq 

innA 


■ 1 /}i/ii M j; 


* * 001005 

.» __ _ ASSEMRLF/;S£|JSF, NEXT READY JUMP ROdTTNE ■» »«_ ,. » _ 001006 J 


CJP 0NBUSJC*RJC1 


1009 ASJl 

1009 POTOR;:^CHH-^rS^ 

/\ 01 d: :PO i 09 l3F3tfeiv~?%=E 

inn UJP ASRl 

mil POIOA 015C ' 



ON lyjs? NO-HEJECT 
SET ftOM- 'BANK-'SttEMiF^f 


JUMP TO UPPER RANK 


001010 

lOOlOil: 

OOlOlE 


To n >_-VT V- : ' 

101.3 ROIOP. SE?3 - . 

1014 UJP TRBl 

1014 Pome 0040 



NOT 1 

NOT USED SPARE COMMAND 001015 


:T0lfi 
1017 
JOlfl 
10.19 




* *- 
* *** SELF TEST 1 <»«» ♦ 


^0Tdf7::--= 

001018 
001019 
JIO11120 




lOPP 

!mp3 


0150 P ORG START!♦$150 

..S.T A.i_.CA,_AlNUS-» P.RE60. 


SAVE^Jl.LINES. 



001023 
__Qalfl24„_.,J 


:~m?4£P01?T!"-CO 
1025 

1025 p 6152 ce02 

10P5 _ _ 

"lop^ 




AINLS.BE2UO 

.ainls,cwaud. 


001026 
001027_ 
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/ 


FA4A4A-E 



1 0?« 
10?P 
in?Q 

030 
1031 
103? 
1 03? 
ip:033 
^1,033 
^1034 

1034 

1035 
1035 

^^3036 
^3037 
1037 
10 3R 
1030 
1039 
~'l039 
- 1-046 
1 040 
.1041 
_il04? 
>104^ 


P0154 RF?E 
PM55; 4303^^ 
90156 CFTG 

poi57 cfcr 

POiSP AF?0 

p 6 i 5 A croc 

Poisr FF84 

iPOlBF coof;^^^^ 


SFF BUSY 
RFF CL FOPtRPLY 


FNTEH BUSY 



tSFT BRFGS.BRFGD 


PFRFQRfr^LU7:0PERAT10N SaS£33^ : 
SELF TEST 1 EQUATION 


0010?9 

D01Q30 

onioM;- 

00103? 

001033 



OR BREGS*BF?LS»AOUTLD 


(> 1 0 3R 
001039 ; 
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oatej ii/ii/n 


«»«#«*««••*#««»«««««««««««««••«»«««««»«<» «««»«»*»»««« «»«»«!»«»«««»» 
*y * 

■::::.: .-.*** JEST. DATA .SUBROUTINE <»<»* . __ * 


L ---<r i aigl feiMi:»<> 15 i >rb:«^^ oV*o 0 >««_a 4 *AAa«:<*«A0o»««o« 00 00 0«00000000:0 0:4^^ 000000- 


001050 

001051 

001052 

001053 

001054 


1055 
u 1055 
g05A 

EJA57; 
i^"l 057 
! 1 054 
i 1055 
1055 

piOAO; 
BJ0AQ~ 
K-1 061' 
; 1061 
1062 
■ 1062 
£l063i 
gi,0A^i 
EjAAAf 
^ 1064 
< 1065 
*11065 
066£ 
^1066^ 
^A67f 
f 1065 
■ 1065 
; 1060 
il06Qj 
EJ07D:i 
N070;; 
? 1071 
i 1071 
1077 
Li072i 


0172 P V ORG STARTl*$172 

AOi^ 

-Pn i73 ' 

CB BF2US*BAMD 

20174 F650 


:P(n75 HlAOS^ 


Pni76 CBAO 


pni77 cno9 


lA WCS*RF2LO 


tnAn-Twr-Tf Ail-^FiLF; 

MOVF TRANSFFR DATA THROUGH ALL 


.registers. 


INCREMENT TRANSFER DATA 


P017O bEA7 

lA BREGS*BREGD 

Poi ta JiFQr^^___ _ 


001056 

001057 

7001058 

001050 

001060 

|fl0106l 

^01062 

001063 


EE^01064: 




ID A TAvlTiCREMTNTEDTB Y7-J'6« 


NO- --"CBNTINUE 


P017C 8400 


LOC RAMAODtSOO 

JA.„„lRAHStECD:.^ 


.RETURN.. 


001066 

001060 

_.0DIQ70- 




POITF FEFF 


rOOTgJ JH^ 


001072 

.001073 
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/ 



6Hl.%Pn 1 
inq? 

lOR? pnift3 Ar23 
_ inR3 

OR RjK^ 

li) 84%^::^^::^= 

0 fl 4i^P^3 
lORB 

lOflS P0ifl6 AF06 
I 1088 

0 83E®{)1 Bfi^Aa 
1088 


RFF INX2FF 
RFF PARFF 


00108 S y : 
001086 
DO 1087 _ 
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inq? 
lOP? 
lOPl 
1 rinPT 
np4 
inp4 
1 npR 
lOPS 
„ 10P6 

OP7 * 
1 OPfl 
lOPR 
1 npp 

gslloo: 
1101 
1101 
^ p0?_ 

^3iO?T 

p-rio 4 _ 

h 1104 

^ nos 
t nos 

EE 11 oa; 

^hm 

^1107E 
1107 
j noR 
L llOR 

?^n09:: 

^il093 

r: : E 
f 

I 


FA464A 

PolPr 11C6 

poTon 

POiflF 4t)C6» 
POIRF 45C6 
J^PO: 

PMoVWiC^i^ 
POIP? 3SCft 
poTpr 
P0194 

P019S ?1C6 

Pflf Pft; PFlftP^I: 



PACE _:7»3 


OATFr 11/n/n 


CJP 0FLMTJC*STB6? 
C>JP__AL arm JC * STR6?: 




CJP SPRJC*STfl62 

CJ P FOTSTJC *STi?,6?____ ^ 


001093 i 

i 

001094. 

ooldgsMU 

00109A i 
_0Q1097_ i 




EE£ElEEd0ld9a^ 


CJP PARJC*STB6? 
CJP ALDFNjCfSTBfi? 


001099 

001100 



CJP CFRSTJC*STB62 
SFF PARMO 



SFT FLI? FLOPS ANO.JUMP 

condTtions-'~ .e“ ^ 


001102 

__ 001103-,- 




Pdl97 RFIF 
POlPfl BAi9 





SFFCL PWMODtCLHER 


001106 







P019A fl802 
P0l9„R.lBC.fe 


CJP HFWR0»STB62 


001109 



EEE EHEE fOOm gSEEa 
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nil 

nil POlPn flAA5 
111^ _ „ 

i; n laipo 1 

1114 

1114 POIAO 0l'C6 
ins __ 

■Ml l A2 ^fG^ 


LDC rWALn»$A5 
C pMPR RRFG5.*.CW71L S_.. 


STfl?9 


STR6? 

JPUALtSJRaj_ 




STR14 


STR36 


STfl62 

WCFMPT*STR36 


:s l n^r^POl 

1117 ST031 CJP rOUT.STB33 

1117 Pni/i3 IRAS 

- ? VI fl . _ __ tyg,_, ST^ g __ _ 

^fxnp'v-;'^ ■' 

:^^:l:ri9:>6iAS:;3BAfe^^? ==== ==== ^^ 

1120 _ UJP STR62 

1120 POl Af. 01C6 

_. n Pi , ,STR34 CJP WCFMPX«ST R36_ , _ . 

1123 STR36 CJP BMDL*STB38 

1123 p6TA9 29AB 

112ft UJP STB6H 

1126 POIAC 6iC6 

MJ ?1 _0 ^| ^IS..J^^ 


BMDL*STB38 

3TfU62„___ 











































C-46 60476010 A 




pao^;:45 



OATEt Jl/.n/ll 


inn 

mo poiAF 
mi 

b. mi ponn 

r-'- m? POIBI 
I mi 

im Pnin? 
1134 

E 113A P6n3 
r*'n3*5- 
L- in'? pniPA 
1 1 36 

1136 PnlR5 

1137 

E--Ji37: PQ1P6 

^T^il3R PaiRT 
mp 

mP POIRR 
f 1140 
i }14A PAIPO 

^tn.4-i:v^¥::;-£ 

&r.U41 .PMbA 
114? 

^ 114? PniBR 

r 1143 ___ 

EH-114A^. 

^Hl344 
1146 

i 1146 pHRF 
1146 

pJ147^ 

Ih J147- 

• 1146 

* 114B PoTci 


CJP RMnL«STB62 ' 
£J4„JMSR»STR62 

B 62,’ - 'V1 

SFTctTsPRF F~* CLST aT 
_PLy S_PRFPS ♦ RF 2US » NU 





•'♦ST049H--HH 




UJP STR6? 

3 TM. 9 __^PL_CaytA STB 51 



001131 

001133 

001134 

Q01136 

001136 

001137 

. ooma 



STR51 COMPR PREGStBFPUS 

F36C 

. _ ... C JP E QUAL *57862. 



001140 


lOll^l ^ J 


CJP FRST0T#STB62 
__SFFCL VFNBPBtSFTHER 


001143 

001144-. 



orc^ 


0BC6. 


CJP BF2F#STB62 

-CJP-3mAWCP*.STB62. 


001146 
-001147-_j 






CJP PARF.RRfSTB62 


001149 



1 

lEHiig 
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page;^; 46 


date; 11/11/11 


50 

CJP 

PRTFLT»STR6? 


001151 

50 POir? 17C6 

51 

CJP 

AnRFPRfSTB6? 


001152 

51, poin :07c^ 



^ . .7, - ... : 


5? PoirAlGflc^g 
51 


WCFMPt;»STB6'2 > : - 


001153 

. . CJP 

nMAWCP*STP77 


001154 

51 POirS 3FCA 

54 __ 

5A POirA ftOAriF^^ 

STP6? LOC 

AOUTLDflAD 

error OFTECTFO - LOAj? "DEAD" 

001155 


RFF JGRPP 
.yjPL._ STA19 



r ; J 1G5:^ :i:E^^E^^^=^aa5fe^UTOD^$bE 

r ^ 115*5 Paic7 nPnfe 
1156 

1156 Pnirp AF?9 

1157 

? i 1157 PnlcQ 016?^^^^ 

n5fl POiCA :R9^9£^H^ 

115Q 

1159 PniTB 05C6 

1160 

£?, • 1160 poTnr ae?q - 

r “1161^ 

i - 116 L P 0 . 1 C 0 ^ 2 RGE 

116? UJP STR6? 

• 116? PoiCF 01C6 

1161 _ STRP? S FF I NTRSP __ 

g^ri 


E)?IT 


CJP N0C0MP.STR6? 
RFFCL JGRP9*SWSTR 


001156 
001157 
,001158 
^001159 
001160 
_:_i)01161 



^r~J}0ll6?. 


001163 

J[»Q1164 



1165 

1165 POIDI B664 


SFFCL FMKSTfSRSTR 


SET FLIP FLOPS 


001166 
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PACE - 47 


DATE? ll/ll/ll 


1167 

1167 

1169 
^71164 
pi 1 69 
^'71 169: 

1170 

1170 

1171 

Pvni- 

^11727: 

1171 
: 1171 

1174 
^1174 
^:1174- 
g: 1175:. 

1176 

1176 

1177 
r:211777. 
pll737 
==:i;i7R7 
' 1179 

1179 
. llflO 
pi 1807 
pi 181 
Pll 
' 1182 

1182 
LAI 83 


poin? PF34 


SEE LPCRCFF 
_SFF .. WRTOOFF. 


PCini 

Pni n4 HE( 
POinP BFOA 


^^RALTTFE.“ 
^FF OFLMTFF 
SFF ALARMFF 


P0ir>6 RF2Fs 




POl D7 RFflSTE 
POinn BF05 
P^jho RFO? 


SFF SLCTDFF 
SFF FOIST 



PQIOA 8E32ls 

SFF PARFF 

pMOR RF24 

RFF ALDENFF 

POinr AFOC^=^= 

PS 1 n&^HEio.lr~s 


001168 

0QU69 

001170 

001171 

001172 

001173 

001174 

001175 

1)01176 

001177 


JD01U4 ^ J 
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4fl 


HATFi M/ll/ll 


1 1P7 
1147 
1 lfl« 
k 1 lOR 
r 1H9 
killRQ 
1 IQO 

1190 

1191 
fey 191' 
eM 19^^ 
rkj 192; 

i 1 19R 
' 1193 

1194 

^-l95k 

' 1196 

; 1196 

1197 
^ 197 ^ 

EErliqRV 
; 1199 

■ 1199 

1200 
El 

p:203| 
fel20i~ 
i 1202 
I 1202 

i 

g1 

c?E.r. 



UJP 5TR62 

P01F9 01C6 

STRIO? CJP 0FLMTJC#STR109 
.P01F6 :ii \ ^ 

;i=>Ol E7 ' 01 CiS^^^s===:i=-;:k^s^^-v: 

5TRi09 CJP ALAPMjC.STBlll 

POIFP 56FA 

■ ' _UJP _yB62 

POiFAk^E 

UJP STB62 

POIFB 01C6 

__5.iall3_tJP_ SPRJC. STB 115 

PoTFnkoins^E^ 

5TBU5 CJP E0TSTJC.STB117 

POIFF 41F0 

___UJP_^STR6? 

P^D3F^^9E^-^ 

UJP STR62 

POIFI 0iC6 

. • _STB ! 19 CJP PARJCf STRI?! 

STB121 UJP STB123 

p6if 4 6ir6 

UJP„ STB62_ 


001IBO 
0Qllfl9 
001190 
001191 
001192 
001193 
001194 
001195 



ilDll9fi_ 





001200 

ooiaoL 




001203 

ilDl2Q4_. 
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’ PA^E 49 --- " OATEti 1/11/11 


l?n6 UJP STRAP 001P07 

l?n6 pnir? oiCA 

l?n7 . UJP STRAP. .. . .Q0120B 

;_::i?07 -PPirP . . : ■ 

l?OR ^-:^Si EE=:=3§tS^SEg 51Efe-RHBNk5-^^ - - j: ,^. • . .- v; . 001209 

1209 ’ UJP STRlPfl JUMP TO UPPER ROM RANK 001210 

1209 POIFA OlFR 

' “V 1 ? I i : UP♦ SAC ~ - NOT ilS^ SPAR 001212 

121 -1' p01FR~~ R-h; _ v -i 

121? UJP TRRll MOT USEO SPARE COMMANO 001213 

1212 POIFC 004F 
















































6047601Q A C-51 




:PAt3E^-50 


DATE! 11/11/11 


#«««»«•« self TFST 2 RANK RFC CHECK SURSECTTON <nnnn»***0**«*«»** 


001226 


£ 1227 ^r:;&135g fes^^ S^fifiE^ESyARTl^$133 

r :i 22R J - »$FF 

12?A P013? flSFF 

1229 CJP CWAUL«RKT4 

1 ??? Pf'1 "^4 ,37 36 - .. .. 

IM'1231 *^1 

1231 P0136 2r3fl 

1232 UJP STR62 

^ niC6_ ' ' __ , 

i^;irl 234 - Bfe2 

1234 PnT3P 37C6 

1235 CJP CWAUM*STB62 

123S POnA 2FC6 


LOAD : 3 TO HANK RESIS-TFffr 
VERIFY 


O0I22R 

001220 

001230 

001231 

001232 

001233 




:VFRTF3t 


01235 


001236 


r 1237 


«»««»««« self 2 parity generator check SURSECTTON 


001238 


1240 PCH2 TA BREGSfBRioD 

1240 POISC CFF4 

1241 _ ^^CJ P_ PARUfSTB^ , , 

1243 CJP COlJT*PcTay~ 

1243 p 613F iR46 


PASS DATA THROUGH PARITY GEN. 

-.check_Pjartty_pit oiitpijiJlow 


^Oia>gr:^ ^3 

001241 I 
__OOL242_J 


_U A/ c, _ 


:^S^^B0£253^ 


DATA SHIFTED fl TIMES? YFS-EXIT 


001244 
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FA4S^ 




DATE* vi/vi/n 


1 ?4S 

1?4S Pni'AO CFF4 
1?46 

:i.1?46 POI 41 

Hi€ii247 pni4?H;tjia 
1?44 

1?4B P0i43 CFCC 
\?U9 

:i?4<J- -P014'4 

§^p?$o - --" : ■ 

250 ^^0145 Mi 
}?^\ 

1?F1 Pni'46 4R4R 
_ 1PRP 

~:i ?s;?;vPnX47 “01C 

253:^014B:5341t 
1?R4 

1?R4 P014q oic6 

_ 


TA RRFGStBREGn 
CJP PARLT*PCH10 


PASS DATA THROUGH PARTTY GFN. 
GHFCK PARITY OUTPUT, high 


pStTo lsft brfgs*rrfgd 

CJP rOUT*STB62 


COMTTNUE SHIFf.LGoi 


PCH13 CJP WSTRLT»PCH15 
UJP STRG2 


CHECK RSTR ftNO WSTR LATCH HIGH 



UJP STB62 
PCH 17 RF FCL_PARMIL* CinSTR _ 



GH ANGG. P A RIT Y-. HQOE_ 


001246 
001,247 
n0J24B 
001249 
001250 
001251 
00125? 
001253 
.001254 
001255 
..:j) 01256_; 


E3 


^ CHEGR^:MTR:£WSTlTEyMCHE3;nH^HEE£ESES==ESs^pofesi'EiEa 



..iiiuiuL 
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/ 


r PAGE _,52 0ATE: 11/11/11 


1 «#««»«•««««««««««««««««« «»«»«««««<>«» «««««»«<>««««««»»«««« 00 126'^ 

1?6T * * 001264 

, 1?6A _ » .. **♦ SELF TEST 4 «»« __ « 0012#=.5 

?;;'l -:::- " \:. _ ' '' - *> ■ ■ 001266 

§’ -1?66_ -001267 


1260 0126 P 0RG_SJART1*$126_ _ . * __ 001260 

V ^ "■ r-: IQAD^A :l^I^JES TO iOM fefljiEgE AM^::^^" - 001270 

L:;1270- ::: .: RFGISTFR' . 

1271 _ CA AINUS*RF2Un 001272 

1271 P0127 r.EOl 

1272 _ CJP__ ^GjyTfSTC4_SAMPLE PROTECT PIT OF _ _001273 

1274 Pni?R PF2C ! ^01i?TR 

127G UJP STC4 CONJINUF 001276 

,J?7S p612A 016A. ___. , _ ___ __• 
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1?77 

1?7« 

1?7C) 

ipnn 




P&GF - 53 


HATFt u/n/11 


##»••*«##*««<»«« •**#*«*«*««#««***<»#«»<»<»«**# **«####*»** * 

_ ' * " , «»»^,SEIX^TFST 3 <*«*_ _ .... _ __ . •». 

it ^ » o « »<» tt itiT» « « «tint o « w « «» g « » g 


00127R 

001279 

001280 

001281 

001282 


J281 

^2845 

=:?I^l284^; 

28 % 
12«S 
' 1286 
1288 
?r^}287- 

^rA'2BTr 
=—1288' 
1 288 
1289 
1289 
£^?90^ 
%^zl290z; 
%^9l^ 
I 1291 
j 1292 
1292 
f-29' 


016 6 P: 


ORG STARTl ♦ $J66. 



SET Pms 'FQR._ 


001284 

001285 

001286' 

001287 


^i=^^lOOl2Ra 




P016A RP2F 
P0j6B A303 


RFFCL EOP.RPLY 


iO 01289 
001290 




:L%^ENrO5M?^FR0ESt%%^ 


P6i6D 3F70 
P0i6 E 0F70 


CJP BF2F»STC9 


Wfi T^^OR£--EJaDi£OR; DM AT- CTfJl m 



0I292H 
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ipq? 
1 ?o« 

l?OQ 




PAGE 54 


date; 11/11/11 


«»«««««»«» »»«»«««»« 

■ #, . • ■ ' . « 

* J»**. DIRECTOR FUNCTION DECODE _ * 



«ttOi»o««o<»o«ttaooooe«0o<»»«««L««O4f^«f o«4><)iO- 


001398 

001399 

001300 

001301 

0013U? 



1303 OlOD P 

b^noA V 
\ 304btDl OD 
1305 

1305 PPIOF 0032 
1308 

J308 PoioF 3C33_ 

307^ 

307 Poll0 

t:£b^l308 

1308 PoTli 0033 

1309 DFDB 

^ 1309 POli? rDF3 

E^3i0ilS^ 


ORG START1*$10D 


^1=SE£5JP^DVj,DFDia£-“£;^i^H£-~b.- CHECK. UN 


I3E^^3C-1£ UNI7££N0T :RFSDV-P?E3EC^ 

DFDIB CJP ONBUSJCtRJCl CHFCK ON RlJS 

hrPR ^^ssb bir^^rHFCK^ wfi- 


tEJfe£:^£«SiS££^- 

TA AINLS.BF2LD 


UN I J£3)ESFLFrtEn • 


0013QA 
001305 

001308 

001307 

^^^^^nb\001308 

:OoT309: 





^311 POllA Yf16 


UJP RJCl 



£C0MEARE£:£tlrfQ:U£H:INEH^HPP?5^ 
NO COMPARE.REJECT 


. 001310 


001313 




'^=^£bEbE^CHEC8iIl^br^^SIRUCtlt5NbeR^TEC7£ft== 


1314 Pon? Bf 2 C 

1315 

1315 Poh fl RP 3 E 

t-.3i 


DFDIO SFF BUSY 


yE5^SEI-2 oma£RROTECT: 
ENTER BUSY 


001316 



.^■bbi~bEZ-2-l5SUEbREPLY 


! 1317 POllA F69F 
[1318 

5 I318_P0U!L0QB5_ 


UJP CSTl 


INITIALIZE STATUSES 


-oomRs 

001319 
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r S'? DATF r 11/11/11 


n?n LDc wcn#SF loao mask for prfloao 001321 

n?n poiir flROF 

n?1 ... _ „ „ . - ____ _ . . . 001322 

r v :132? : CHECK THPF5HOLD iL£^g j ^:5n FpT J . . . 001323 

13?3 ’ SFF THR LOW THRESHOLD 001324 

13?“^ POUF RF37 . 

_ _ n?4 _ PF0i4 RFF W PI OpFF__ _. . ■■ :.... ... , 00132_5 

i^J;i 325T^^ ^ CHECKzlF WRTTF'~ p^DHH^^^^^:F l^rf :n0132/i. 

1326 SFF WRTOOFF WRITE ODD 001327 

1326 20122 RFOR 

J 327 _ , _ ._; 0 ^7. _S^ , _RMPfjK 5. . . ^__ :::r^ P 0 1328 

JUMg^^f{KUPPFR£R&NKg^ ^jgE^^g^gg^sig is^OO i:32R 
13PR . SPARE 001330 



liiUiliiiL.. 






































60476010 A C-57 






oATEr n/n>^iij 


••«««»«««»«««<>««««« DIRECTOR FUNCTION A0-A3 DECODE #*»«*#*♦*«**** 


0nl33fl 


^iS^34CE^- 

• 1340 Po?nn I 

1341 

L ----J^^i po?pi ' 

(p|Ei 34^ff|^| 

^ 1343 Pn?03 I 

1344 

i_13.A:A_M?PA. J 

^134ft P0?66 ( 
; 1347 : 

13 4 7 Png07 I 


S 1349 P0209 0077 

( 1350 ■ 

L_1 350 PQgOA 0074 


^gff O^TAPTljjl^OO; 


REAOajATA 


UJP SPFl 


UJP BSPl 


SPACE FORWARD 


001340 

001341 

00134? 




rSE^ARCHi FI ABl^SeHWADO^: 


BACKSPACE 




UJP RWDl 


UJP CNBl 


EWRT3£r£H.-&aifARiE= 


REWIND 


^F-HEIl^PASe; 


001344 


001345 

^=OOl3.46 


>0K547i 


00l34fl 


===00 1349^ 


MARVABL^EStSB: 


CONTROLLED BACKSPACE 


107350^^:^ 


001351 




1352 P020C 0106 
^ _] 35 3 POPOb 0 106 


UJP TRDTR 


i 1355 Popor oib^ 


TtUEGAL^OHMASOVNOIS^ 
ILLEGAL COMMAND.NOP 


001354 




^LtE^Sti^COMMAND 1355 


■:1U3=GS1^0HMANDVNOF5^ 


^001-356“ 

































































iiiiiliii 


_ DATEi 11/11/11 


nsq 


*»* SET GO SUBROUTINE «»* * 


*« « **#*«*:« AA o 


001358 ; 

001359 
00136Q 4 
001361 ^ 
001362 


„„_L363_0.2I3_P. 

1365 80214 BFIC 
^ 1366 


mo. START1»$?13 


^^6^62iriiri4 

1370 " 

„.I370j.P6iiiCljljL 


SFFCL HERLDtCLHER 


lAi RAMS#PCD 


CLEAR AND ENABLE HARD ERROR 


JQl_364__i 

i 

001367 1 


E3?^^T3^ 

RETURN 
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/ 


;■-OA.TE_r.11 /ll/ll,-^ : 
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f»A<5E-:: 59 


OATEr 


i 1395 ; 

t 1395 p6??1 *528 

I_139fj__ 

^-i397-^n?23:iB 
1398 

139R P0224 E094 
^-1399 

£E£3 309^^^^}>P5i 

i 1401 

I 1401 P0??7 2fl?l 
v_ 140? _ 


ESA6 


RFFCL HERLOtSFTHER 
.CJP._^FR<1UT*£SA9.__ 



SHIFT HER register 
ERROR ACTIVEL ? 


,ESA9 ANDAR BREG5*RF2LS.PF2LD 
S FF LRC RCFF_ 


ASSEMBLE FRROR into STAfUS 

se.l_error fjduncLinqex. 


... -- 

001396 ; 

1 

001397.J 
^0T3?fl^ 
001399 ; 

Q0140Q.J 



CJP BMOLfESAG 

$ 

ij_P_lRCfLC JCiES A15. 


all CONDITIONS CHECKED 
ERROR ...FOUMO?, 


001402 
JlQl4fl3_J 



1404 

1404 p 622A a40A 
±405 


E5A15 LOC RAMADDtSOA 
±e±iLM21.S*MMD 



5AyE-A5SEj lRL£Q.JU..ARH--SfAiUS- 


001405 
001406 J 


140a;..:n- . 

1408 P022C; BA2F 

1409 



SFFCL ALARMFFtCLHFR 
UJ P TRb4 


SET alarm BIT 
EXL± 


001409 





















































60476010 A C-61 




I Ul? 

[ 1413 

L 1414 .. 





DATE! 11/1 


•»««««««««««««««««««#««»«««tt«««»«oott «««»««<>» ««##•»«»«««»«««*»««»» 

-♦■■'■ * 

«»» DMA TRANSFER ERPDR ROUTINE »»« _ ;_ * 



ttoooa«:«ooo«««o:«ooo-ao --- - - 


001413 
001414 
001415 
-no 141 ft 
:001417 
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hate: 


14-^4 

1414 p6?3A 80,0^ 

1415 


LOG BF2LO»S02 
XOR RAMSfRF2LS»RAMn 



t 1418 

1418 p6?ic oocf 

L 

412^0 ^ 

440 ¥P112^.4i?^ 

1441 

i 1441 Pn?lF FFFF 

1442 


0TF16 UJP RD71 
SPARE 


NOsO^ACT1VF PROTE CT FAmI'T 
- "STAtOS-' 

EXIT 




001435 

001436. 

001437 

001439 

no 1441:. 
001442 


=:t 

-•■t 

.3 



f 1453 PO242 8»Rr 


LOG RAMOfSBE 


ACTIVATE FORMATTER REJECT BIT 


001454 












































6D476010 A C-63 






nATFt 


! 14*>7 

' 14FR 
L JAFQ_ 




i 14R2 p 6?45 846a 


• _ . »»» OF CREMFNT JUOCK FNGTUBROy TJ NE^ *** _ 

, ♦ LOWER 


r=^^l465^~g4feE C6aS 

146G 80247 iA4F 
14G7 

j._I4f>l Pn?4R R4Qg. 


LOC RAMAOO*$09 


1470 P0249 C608 
_J47i_P|li4«L_iA4F. 


”^473 P^24C i9EC 
1474 


CJP, COUTtOBLll 


^QElCflEMg'NT-^fiBaC^ ^^^^S gE R ^ 

YFSfLOAD AODRESS OF RLK LFNGtH 




E^3)FCHEHBaT^^^^«i5T«^Pl^= 
CARRY OUT ACTIVE? 


001458 
• 001459 
00146Q 
: 001461 
-001462 
^001463 

001464 

i :001466r 


^^^01=467^ 


001468 


^r469^ 


001472 


LWHI^r£5K3mi7=«Rf^E^r«JYiEfTPPgl 
PART OF LAST WORD 




1477 P024E 0400 

i47r.'/. 

1478 P024r_C70a 




IA RAMS*PCD 


107473;=^ 


001475 




0014791 


lililliiillli 
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_65 


DATE* 


» ■ - * 

» ^ ^ ^ .FOR wARP »»» » 


noispo 
001521 
001522 
^^001523 
01524 


( 1527 

f 1527 P0?f.l C60F 
^ 152 Q 


I ,1530 

1530 POPfA 1210. 

—— 


1531 P0267 5706 


1537 

1538 

3531^ 


15AI P026A 0018 


SFFl RFF SFMKFF 


SFF6 lA PCStRAMD 
UJP^SGOl 


-CL FM::.SP a C£ _QPJ^?MJ.QN-ifJD£X. 

iSE 


T N LTIA JF._.OPEB A ti.QN 


001526. 


001527 




001528 

.QQ152.B™ 




. CJP, HEPOUT*ESAO 
CJP FMK*TRD3 


TAPE RUNAWAY ERROR? 


001531 . 




CJP LDP*TRD7B 




SFFl 2 CJP P^#SFF6B 


LOAD P0INT?(F0R REVERSF MOTION 


MARK IS DETECTED 




'061534 

_.1-„Q01535-._ 

001538 

001539 
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date: 





















































Ov 

□ 

On 

O 


O 

> 




















































60476010 A C-69 






date; 


* **8-J/ARIARj,F. ERASE **«_^ _ _ 

o tt '* oui^ao aoo o ajjMm ^MTumW ttUM Jf* * t*.* » : 



0015B3 
OnlSflA 
001585 _ 
noiSBfi 
001587 


001509_: 


1001590 


1590 

1590 p6?79 C60F 

1591 


lA PCSfRAMD 
UJP SGOl 


1 NIllAIL-OPEH A TJLDtL 


^ 001591 
_Q 01552. 



1593 ^ 

1593 f^O^TC C60F 
159^ * 


lA PCS*RAMD 
UJP DBLl 


nFCl^.MPJiT_J3LQCK.J.EmTH. 



001594 i 

J iai595 _j 

['OTSlgl 


.159$,: 
1596 P027F 0130 
j597'- 


UJP WSRl 


DETECT WSTR PULSE (ONE TAPE 

WQ.RJ)_XRAS£D-1- 


001597 

00159 8 



1603 P0P83 FPFF 



.iiiiulilKil 


































:: : DAjTEi- ri/n/i^^lE;^^r^§^ 


1605 ##«###*•«**«»«*«*«»*****<»«**»*<»«»<>»»**<»***<»«»«#»***«***»»*****«** 001606 

I 1*^06 • * ^ * 001607 

L.:-.1^Q7 .. ..» . j Lg:. * , . 001608 

EE?nS:TA0Q --^^-^ ~~==:2:===z~ m»»* «gibm^3w«^ ^<r^ «W« oo wo o ii^q foao 016V0 -■ 


- _ „im___.__waEii 


Ji£M«££_ 


.SET JiSLTEL.FJLE .MARK. _REJ-1JBM .ELAG_„ 


_0iiL6l2^_ 




f 1613 P02fl6 AFOE 

L_1614: :....:l;:.^.:.. ....,_ ; 


?.•■ .■ mi: 

l 1617 *>n2t« flOBE 

, ’ 161'*^' 


WRF3 nrr frs 


RFF SEMKEF 


UJP FER5 
SPARE 




CLEAR ERASE COMMAND E/F 
J:L EAR_W,R UE_EI L£_W A Rj?l.9E 




CONTINUE (WRITE FILE MARK) 


Lgg t&T3^ 


001614 ; 


-0016.15- 


EgO^jg^ 

oof6ia 


-J1Q161SL 


■"'iTTniiirni 








































60476Q10A C-71 


/■ ^ 



HATE t: 1 




*. J*** ^XED^ERASE .... 




0016?1 
00162 ? i 
._ . 001623 _i 
.001624 v i 

rri-i0016?5va 


TCRO RFF SFMKFF 


_CLFAR wrITX_E lLE_MAfiK_REj:USN. 




1629 FFRI SFF ERS 
.1629 PO?flR RFOF V 

1630 __ Sf F V[FM 


SFT ERASE COMMAND F/F 
SEUiEM-CO^MANaX/fX 


1632 . FFR5 lA PCS.RAMD 

1632 Pe2«E C66 f 

..■: ■; ,__:_:„_::U^x:.j5gm 


1635 

1635 Pmi 3RR6 
0636 


1638 

1638 R0294 60t« 

1639 


IN.LtlAI£_.aP£SA.TJLDN- 


CJP .;SEWKJC#WRF3 


WRITE FILE MARK RETURN? 
£X 1 I_ 



OISARLE FORMATTER 


.JQ 1627 __. 
□Op ^a; 
001630 ; 

:0 01631 _I 



001636 

:fl0l63l 



001639 

001646- 








































C-72 


60476010 A 




































60476Q10 A C-73 




PACEi 72 


DATE I 


«««««»«««««««««»»«« |;?PAD UPPER RYTF LOOP 


001661 


662 POpil^^^l^Sg 
166“^ 

I66:i P02A? R2i6 
1664 „ __ 

1666 

1666 POPAR 00E9 
^_1667 _ ■ 


[ 1669 

1669 POPAfi rEF4 


^™dGxlP_~-il^ERQU 14 JF81 


CJP RSTRLT*RD27 


- gJP-.JF- PYj Pf^7_ 


>iARD^ €RROR? ^ES : i^ Xr ^ 

READ STROBE? 

FORMATTER BUS Y?,..YEStC ORTI NU^^^ 
:£Nn ; (^REnORH TT^TR^if i^ER^R^ 


UJP TRDO 

Rn2T lA PCSfRAMD 


9 TRACK NORMAL EXIT 


001663 


001664 


001665. 


001666 


001667 


001668 


TA BRFGS»BF2UD 


^EHSISF CALl^ aEA OSSIfiO B ESS OBROtmu ^SS 
UPPER BYTE TO DMA INTERFACE UP 


Loo 1669 




001670 













1674 P02AA 5283 

1675 

1675 POPAB 78E6 


CJP rBYfRD99 



FORMATTER BUSYl YES-CONTINUE 


001676 


EOQ1S72 




'Hilfliil'IF" IMIHl .lininnnif 



























































C-74 60476010 A 





DATE* 11/1 


lf.7fl 

IftTR Pn?An 840A 
167Q 




Rn35 inC RAMAD0*$0A 
_LDC R AMOtfOE . 


li^sno^^PnpAEH 

1^81 



9 TRK FILL ERROR 

SET fill ERR0R,.4LASM_STA_TUS. 


^^EErZ^ALAPMFF 


SE T ALARM RT f 


: I6fll Pn?R0 6AF9 

'■ 168? 


CJP NRZNTRDO NRZI MOOET YES - EXIT 

_Lnc.„PF?Ln»son__ __PE -„fJLL„LOWER_.aYTLJ<iiH..O. 



EHEEZ-ETSEND -LAST WORD -TO 


001679 
001680 
001681 .Q: 
00168? 

^ D 

HEHIo 01684^?-^ 


























































6047601Q A C-75 


/■ 

f 









































C-76 60476010 A 



















































i I7r<«5 

[ 173S POPna 0A2F 

Lj73^....: 


^GEM-16 


Rn86 CJP PARFRRtDTEO 


.,.CJP._AnRE,RRiPTE.O. 


OATFt nVll/13: 


CHECK PARITY ERROR 


CHECK, address 


- CHEGkl PH 0 T Ent-:>KtiEi= 


737.~P02nA 
L 177R 

:• 171ft Pnpnp CEFl 

74pi=^ pnG^T) 

I 174P 

[ 1742 P62nD 6 a2F 

L_1741_^_ 


TA WCS*PF2U0 


MOVE RUEFERED UPPER RYTF*TO DMA 


.INTERFACE UP. 


001736 


001737 


oni73R 


001739 


_001740 




GO 001742 


ROQl CJP PARFRRfDTEO 
CJ P AORFR RfPTFO 


1745 : 

1745 P02E0 CFFl 
■ 17 4 6_. . 




I 1753 


I 1753 P02E* 74A1 


TA WCS*BF2UD 




_RFF PRIOR 

RD97 ^P RDYi^23- 
UJP FDSl 


CHECK PARITY ERROR 
_ CHECk,APDRESS_ ERRQR___—. 

MOVE BUFFERED UPPER BYTE TO DMA 
_JNJERFACF.RFiiISTER.JJPPF.R____ 


001743 
01744_1 


001746 


._oaii4Z— 


—^OV^UFFESE&^DHEfiEB^TT^QEDHJ 


INTERFACE LOWER 
_CLE.^LR_.PRJneiXY__ 


01749= 


001750 
,0017.5 2 . — 


;ES^?EESSQlSi:£SENS^EtfZllMfl=fi£QaFST=-=- =?^-=T -^^0 0J753=E^ 


UNIT READY? YESICONTINUF LOOP 
,01S ABLE_XOSMAI TEB ^__ 


001754 


-001755_ 




J3N^^MiSQ13£3fESr^-QNimTE3JH3e= 


=^3iOG75fi^^ 


1756 

1756 P62F7 0018 


UJP FDSl 


DISABLE FOMATTER 



001757 


















































C-78 60476010 A 





DATE I 11/ll/rfe^ 


»»«««« «««««•#«««•*•«*««««»»» 

• ***_:B£m3JRQB£_SUBRQUTIM^.<^^^^^^_ > . « 



00175Q 
001760 

_.001761 

«_o«o o n 1 3 


_1764 „ 

^¥1:76^ »n?E9i Bim 
; 1766 

1 1766 POPEA 7EE1 

1767 


-_ST RO BE„D A T A, IM m-a.fiEQ.tS.TER 


EAGKNOWLEOGE^RESrErSTBOBfK 


Q017_65„--.J 

: -- .^- '\-'A 

ESE=?5SS=^H^:;£001766 - 'r-¥ 


CJP IDENT.RDS7A 
CJP RP»RDS16 


CRC OR LR CHECK CHARACTERS? 
P A.R ITTL-RI T_H.I QH.7. 


001767 
-.a017.6B_J 



176R 


♦ parity bit low * 


001770 
















































60476010 A 


/" 




174? 

174? POPFA BF66 
1744 



oate; 11/11/11- 


SFF INXPFF 



SFT INDEX TO PREVENT 
TRANSMISSION _IQ_J)MA_ 


^745^1 


* 1747 

1747 PfiPFS BAOC 
1744 

J7AP p6?F6 

EE^1749; : 1 _ 

J 709^ Pn?F7 
1704 

1790 Pn?F0 OOFE 


CHECK CHARACTEfiS= 


RDSIO LOC RAMADn*50C 
RDSil _C.A_RRFGS♦ RAMD 



LOAD LRC STATUS AODRfSS 
LOAD LRC/CRC 5TATUS_IQ_FJ;LE 


=^RFFE^y?cPCFF^ : v 


UJP RDS5 


CLEAR: INDEX FOR:^C£ ^jg:g sl^^ 
CONTINUE 


001743 

001784 

001706 

001744 

001780 

001790 

001791 



J 




03D0 P ORG STARTl^$3D0 

RDS16 TA BRE6S.NU1 



.._.GFNERA JF.. P ARIT Y_ 




001795 i 

■QQU ^-_ J 


CONTINUE 

IR-AN^HISSjQij^P MLIYLEgRQR , 
^^SE^gT'RANSHtrSSfGNEPi^flE^RS^ 


001798 
nrilROQ, 


1401 

1801 40304 RF2F 


SFF ALARMFF 

_RFIL._ACt<_2L_ 


SET alarm 


001802 
J101803— 





001805 


_oQaao7_- 







































































C-80 60476010 A 



I iP18 RFF SELRREG ENABLE ALU BUS INPUT TO B REG* OOIBIQ 

, :v _ _j 

r 1B20 Pogrr ooFE . . j 

r 1R21 . _ . . TRD3 SFFCL FMKSTfCLHER SET FILE MARK STATUS : OOlB^? ] 
































































PAGP V 


IPIl TRDT RFF JGRP9 

1R13 POIOA AF29 

lfl34 TR0 7A CJP FBY»TRD7A 

«14 p n 1 1 

A35 - -i: tFRUJ: . 

1P3G RFF PRIOR 

lfi36 Pn3n7 AF07 

[ JA77 . __ _. ^ _ —CJP_. A LOENJCtATLPft 


TR07A CJP FBY»TRD7A 


OATF; ll/U/M 


WAIT FOR formatter not .PU5Y.. 
PREVIOl»S COMMAND :flE JF&IFD ? 


AUTOLOAD IN PROGRESS I YES-_l___. 


LRETURN 


: 1B39 P03n9 AF33 

IBAO : 

r^~ 1 flii P^SOC RF02 

r- 1B43-"' ■ ^ 

f lfl43 P036 d'BF2F 


RFF LWO 


SFF ALARMFF 


001834 

001835 

001836 

001837 

^101938 

i001839' 

^01840 

001841 


;5 Ex II^ROM^BUSY—^ 


= ^ :0 018^42^ 


^^rSEfeEb’C^'CATllS 
SET alarm 


tx: =-:rr-:n := -, 'ZT^r'':::= :z =:z^ ~ 




001844 







n 

CD 















































C-82 60476010 A 





OATEl 


lP46 
1 fl47 

U.—__ 


• ' « 
»»» WRTTF STRORF SUPROUTTNF »»» * 





0138 P ORG STARTl*S33fl 

_WS_R l__C.JP_HEROUT i_WS_R??A. 



-HARCL ERROR?. 


£;.“£-“ia5A7:rRff33R 

r IBEG 

f IBBS p633A 0F46 
^ 1 BBf. 


WR1TE : STROBEr?3rE SS^ft CK*10MEEO{H^ 


001847 \ 
001848 i 
001849 J 
[00185Q 
^01851;;3 

i 

001853 ’ 
.00ia54_J 

001855 :i 


CJP BF2F*WSR14 
CJP ROY.WSRa? 


DMA read COMPLFTE? 

UNIT RFAOY? YES - CONTTNllF LOOP 


001856 

.001857. 



1858 V .... 

1858 R033D 1140 
18551 


WSR5A CJP 0FLMTJC*WSR9 
SFF LVD 


DO NOT EXIT FOR OFF LINE MAINTt’ 
TERMINATE WRTTF OUF TO ERROR 


JIQ 1850. 1 




























































60476010 A C-83 






matr ix? 


IPTO CJP PRTFLTtDTEO 

1870 P0348 is62F - 

-1871 ' R ff _ENBDR 


OATEJ 


1873 IA RAMS*PCD 

1873 Pn34P CTOB 

,„.„..i ^ ^ y^ TPt-TtWSRQ 

i 1878~ ^ r7*»l^ ujp TRo{ 

1878 P03AF 6oF9 

^__,1877_ 


RFTURN PLUS 2 




UJP TROO 


—FllRMATTER-:QUSX?^ES^GOaTTHaE^ 


TERRlNAIELJWflllE^ 


001871 


001872 


001873 


001874 


001875 


001878 


001877 

001878 


E£gjtj3^4£li_TR“AWSM IOK£RABTO—^fEE^ESSfe-IG01879 


1879 

1879 P6351 FFFF 

1880 _, 


SPARE 

SPARE 


001880 


_oniaai-. 


EOOtSHHi 


1882- 

1882 20354 FFFF 


SPARE 

-SPA^ 


001883 


_QniBfl 4 -; ..-i 


'isas*-: 

1885 R0357 fFFF 

1 888-' : ■-. 


1888 2035A FFFF 

18 89 '■ 


SPARE 


SPARE 


^PARE___; 


001886 


loiaai 



001889 

1001890. 






















































V 0T09Z.1709 178-3 











































60476010 A C-85 




D/ijEi ll/lMM 


1911 UJP SGOl 

; nn Pn:?R :9 0613 . 

L.1914 _ __ CJP_PARJC>WL16B _ 

1916 63 OF P ORG START1>530F 

1917 Wn6B RFF WP 

1017 Pninr afi c ■ _ 


INITIATE OPERATION 

initialize yRIJE_iAR1.Ti B1 TIN 


001914 

001915 

001916 

001917 

001918 


1919 P 63 II RF07 
19?0 

Q3j 




SSET:;PRI0RIT^^ 


IA PCSfRAMD 


^U0I9?0^ 


001921 


: 3^ .H ^:E ?#jreg^iai£^:grB0ei^-^aRQUTBiE ^£;£ T : - . 0 i 92~2i^^^;a 




1513??-TfFEORF:^M6=f5ATA^-^ 




j._Lg2A-gft3lALJ}lM_ 

r I rI^ p5i?G «4ol 

1. .: 19?T: 


1930 P031P flFlC 
193T ■ 

1 931 P0319 691B 


UJP WTS8 


ANDAB RAHS«BF2UStWCD 


LOST OATA 


EfiMAi^E^GEEGMPE^i 


MASKED UPPER BYTE TO OUTPUT 






001925 

iHg0l9 26^ 


001928 


I5f929r£== 




CJP PARLT»WT2BA 


001932 










^^1181935^ 












































C-86 





OA TE 


LOST DATA 


1935 ■■.■'•‘■■-■--■yT28A CJP WSTRLTtWTSR 

1935 903IR A836 * 

_Jt935„ ^ A NDAR RAMS«BF3LStRRFDn_^MASKED LOWFR RYTF TO R PF D. 



t 1Q3R • 

! 193R 9031F 6645 
U939_ 


UJP ORLl 
SFFCL F NBDR»PMARFQ 


DFCRFMFNT BLOCK LENGTH 
_NFW. DMA .peLA.O__REQUF&-L 


001936 
001937^^ J 

001939 
.00194Q_.J 



1941 . . . L ^ 

UJP WSRl 

1941 P03?l 0138 


i<J4? 

UJP WTSi 


call write STROBE SUBRT. 
WSTR_nFT£CI£b. 


•00194? 

_OOL943. 



1944 P03?4 013R 

1945 


UJP WSRl 
TA PR EGStWC D 



CALL WRITE STROBE SUBRT. 
„._LOWER,AYTE.JLO_aUIP_UJ_.REG^ 


001945 

iQ19_46_ 


1947 

1947 Pe3?7 «929 
p 19 4B 


CJP PARLTtwf^ 


001948 

Xidl949: 





































































60476010 A C-87 






hate; 


I l^<5i 

1Q51 p 6 i?A 0138 
loq? 

zlQ^l :pfl 3 ?c ^ng€fes= 

19R4 

lQc ;4 Pn3?n RFIC 
jPPS __ 

19S7 ! 

? 19S7 p 6330 C60F 

'_19S8 _ 

I 1960. 


UJP WSRl 


UJP WT?4 


fe^^A==^£REGS f W GD ■ 


SFF WP 


_^CJP PAR LL? W T_5 P _ 


lA PCSfRAMD 


UJP WSRl 


CALL WRITE STRORE SUBRT.’ 
RO TH R Y T E 5 .SEN T_ r-XQN.T INUE 


LOWER aYTE:::Tp^XUTgte 
GFNFRATF PARITY RIT 


■,^CAXL .^WRIJE,STgQB£^^RT>.^^ _ 

^REtU fiHjjEO R^rwST ^^ Of^^tES^-^ ^^ 


00195 ? 


001953 


001954 


001955 


,001956 


001957 


00195R 


_D01959 


;p 019 fi 0 


BUFFERS 


001961 


L_ 19521 .,; 


_lA PCS»R AMD 


-_n.MA. READ, COMPLETE- 


_QQI963_: 


CALE ^wg cr£ ssT Ro aEss aaRTH;5i:EE ^?^rfE;=;^~;3i g r964^ 


1964 V 

1964 Pd335 0116 

1965 • 


UJP .WT24 
SFF LWD 


CONTINUE 


001965 


..JTERM JN41E_WF1IE .E0R_XQST_D A.IA _AQ LS»6 6_^ ! 




E:E(}Ol 367 i 



















































C-88 60476010 A 





DATF: ll/n/U 


1 P 68 
i l9Aq 

gisio?! 

^^972 


#«»««««*«««««« ««»»«««««»««»»««••»•« 

* jy»«:.TERMlWATE._WRI1^ R0y™E _ _ 

oio.« a o « « o>« « ** * » «t« » » » iff#* « 


001969 

001970 

. 001971 

T __ 00197? 
00197.1 






















































60476010 A C-89 


z"' 


A * 


j ipqo 
I IPPI 
IPQ? 

^—1694; 



««««»» «««««»«««««««««««««»«««««« «««««« <»««'(» »»»««««««««« 40 «««»« 

’♦ . 0 

« ____ ^tt^^ASSEMPLF/SfNSE: NEXT PEAQY .***_ _* 



noi9Pi 

001992 

001993 

001994 

001995 










































n 



?0J2 ^ 

I 201? p636Q AF21 

i _2013 

\ 20 IS -■ 

j ?nis PO^ftC 0182 

L poift 



20 ?l ' 

2021 t>0^7? C60r 

i$n.' 


2024 . . 

2024 203^5 C«0F 

L_ 202 r 


2027 : ; .. , 

2027 P0378 UCft 

2028 


RFF TADO 
RFF TADl 


sflfcijjnti„o„ 



UJP SNSl 
J 5 FF__JiftDL 


CALL SFNSF SUBROUTINE 
SELECT UNIT..1__ 



002013 
^ 002014 ,, 

002016 j 
002017 J 


no 20 i;R 


201R 

UJP 

SNSl 

20IR p636F 0182 



2019 

RET 

JIAQi 


CALL,SENSE SUBROUTINE 



002019 
J )02020 _i 




IA PCSiRAMO 

:uj>::jN.si__ 


.CALL__S£]iSE_jSUBRaUlXNE:. 


002022 
.0021)23_1 


PCS*RAM0 


lyjp^SNUL: 


CALL_SEN5£L3UBfimJIlN£. 


002025 

002026.. 



CJP 0FLMTJC»0LM37 
NOOP 


RETURN FOR OFF LINE MATNT, 


002028 

002029. 
























































60476010 A . C-91 




AGE.-r9o 


; ?03n 

PO'^O Pn?7A fl40E 
■ pnii 

^P 031 P 037 e 3 EM 

£Ek‘?n 3 ? :;i^ 37 C-: 

?n 33 

?n33 Pn 370 fl40i 
? 0?4 

^ 034 i^ 037 P 

ESH;^: 203 f^K; 

£57? 06 3 7P F:3 
?03fi 



LDC RAMADOtfOF 
TR . _ RFPLSf RAMD 


££C JC:i T RD a ^ -_' - 

LDC RAMAnn»S01 
SFF_CNAUU 



OAIEr V.-: 

no?03i 

SAVE ASSEMB^D ^,OpY-_-^tATUS , _ . 00P032 . 

n0P033 i 

SFKJSF READY CHANGE 0n?034 , 

, _ _ _ . l.__.., _^ _ 002035 y 

COMRARElORffiTNAtpaNP^^MB ^P^^^ ^^^O 0 20.36 5^ 
READY STATUS ^'002037 


JCJP_^£Q.UALjASR 12_lF...E<lUA.LtCDNTIAJUE_SAMPLiWG- 


Q02Q39 . J 



£E^l}3?^^3fi3£ffl OSK 


i 

I 



























































C-92 60A7601Q A 




DAiEi ii/m/i.e;e;e 


f ?n 5 l _ 

?o=;i PoioE iiAC 

U_i’0'5?..1: 

i ?OE 4 

r ?0S4 PO^Rfl CFCC 

fe?nTq?^^jiiEFEF^ 

?0R7 

^ORT PosaB rrFF 

_gP 5 a_ ^„_L^__ 


CJP OFLMTJCfOLMl 

-_b!QOJ?___^.. „ 


OFF LINF MftTNT.? YFS-RFTURN 


»flaE^^R EGSFHFangiBF2tin- flSSFMRtF STATUR^AS^^F Aiff^YS^ 


SNS5 LSFTI BREGStBRFGD 
: --_ 1 A-_-, 8 AMSjPCD .. 


prepare eor next unit 


RETURN 


onpOB? 


002053 


;70 02054 


002055 


002056 


SPARE 






: 002 p 7 .;;^^ 

002058 

J 10 ^ 93 ^.__ 

SoaoGo^r^ 

^ 0020 iM#^ 
| 5 ' 02 C^:^^ 
002063 1 


I 20 R 5 . , : •" 

I 2065 P038D a63f 
L 2066 I _'. . - 


LOC RAM0*S3F\ 


SFF OMWRPT 


3 I 020 S*^^ 


INITIALIZE REPEAT COUNTER 

.SET„DMA„PRj[IIE^:'L„^__ 


002066 


.QQ 2 Q 6 I._ 




EE^i^^f5H:SEt£fer:z»iOHE*EfiSlTTEi^ 


j 2068 

K 2*068 p63p6 AE2F 

L_ 2 a 6 P__ __ 


ATL9A REE ALARNFF 
UJP rWdi 


CLEAR ALARM 


.„_J-UMP_j:i?__RE>ai^_JJNIi 


=EE^n 02069 “ 


002069 


_0020 70 i 





























































60476010 A C-93 





OAIE? .lly^fiZ©z££ 


I ?071 Pn:i 9 ? 7594 
[ ? 07 ? 

^073.^=E^ 

p:2 073-^1^394 


ATL13 CJP ROYfATLia 
yjP__ATL13 



RFWTNO COMPLFTF? YFS-CONITTNUF 
WAIT_ FOR EMD -QF-RElWIJyD_ 


i INIT ZE^MEH0R:YEinQHP?»5igAii«'=^ 


00 ? 07 ? 

002073 

002074 




















































C-94 60476010 A 




DAT^s ii/afsag 




5. ?0OB POIfln CFFO 

^ goflq .. - ■- ■ 

s POQl Pn:?A? 519D 
I ?0o? 

PO'*? J!^A1 -7 3 Qg_ 

£^a94:=E?LI^-:^:-£ES= 

{ ?095 

i POPS p63A5 86RF 
L ?OPA 


TA RAMS*BREGD 
CJP BMr>L*ATL36 


i33feEEBMS0:cAt£2Z^ 


CJP TRK7»ATL39 


.nFCOOF_RFPi:AJ„CiQy{iI£E-6EIFRMlbJE.._ 




7 TRACK? YFS - CHANGE PARITY 


^CH4NGFHTHRE:SS5fel^E3?Eg 


002089 

^^.002090, 

002091: 
SSEE^O020921 

002093 

^^^OOgOg^r 


ATL34A LDC RAMDf^BF 


UJP ATL9 




_SEJ_Hir?H. QEhiSlXt!!8EP£Afi_fiECaRCL 


;E-TEEEI»;sOEfKId^'?EFQffi3FTT3mBTS^ 


! 2098 

?099 \ ', r^. ■■ 

L_20.99^iaAfiJ:j5>Q.8_ 


2 AND 4 


IA RAMS*8AMD 




1002096 

_0Q 2^7-„ 

^00209^^ 

002099 j 
. 002100 j 


^ 2101 P03Aii FfFF 

I • ?io2'u:V-..:v'i#Le'; 

L__?lQ 2 :„Pil 3 AfiJtt££- 


2105 

2106 _ - : 




SPARE 




SFF PARMO 


ATTEMPTS 3 AND 4 




002103 

002106 

002107 


EEDOSaiSE^ 

















































I PIOQ 
?nn 

.. 


«««»«»«« ««•«««<»«(«•«»«««««««» 

• . i 

»- - _'_OrF_.LINF maintenance ,ROUT INEL J»**_: .< 




002110 
002111 
QQ2U2 
F0h2iT:3i 
00211A. 


^^■ U 5 -^ _JD> 3 AC,P„ 

I 2117 PO^AO AF25 

! ?nA 

t__,._?ii9..,__ 


JIRC._-STARTJ*I3AC. 


ENABLE JUMff:EeSNni-TE}ReWOHK9E^ 


002U6- 

002117 




.CJP_-MSW3i.0LM5_ 


TO MSW3 


nn.. 

212V P03R0 BF32 
_ 2122-1-,.-. _ 


0LM5 SFF SFMKFF 


SET READ INDEX ACCORDING 
MSW2_,_ 


:iWH VTEaJEEH A35QHE 


2124 Pe3p? AF32, 

_J112a,Pil3!lUaBFF_ 


LOC WCDfSFF 


ALL 0»S OR ALL 1«S TO OUTPUT 


^^-^002V1R-^^ 

,T^r;00211<J 
■1-1-002120- 

002122 ! 
...0 02123 _i 

002126 


21P0^;1.^- 7.C:1 

212A P03fi5 8800- 


LDC WCOSOO 


.5EI-VtRlI£ -jCDMMAND .E/E^_ 


2131 P03R7 BF13 
2132.: 

213? p63B 8 AF2Q 


OtHlS . RFF JGRP9 


002129 

—_0 02130- 

^3i 62:V9Y^ 


^C2¥?I2^ 

002133 



n 


iliii];illilL.....-illiillliiiii -iaiiiiiliL 
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i ?134 

i 2134 Pn3P9 C60F 
L_^?13P • 

^=;2I35]__ 

^71 
71 37 

i_2139 

7141 

714V POBBP AF79 

.^ 2142 ..-.^.....^_ 

:3r 

714*4 

2144 P03C1 613B 

._214S™__ 


...A 

.S€A 


0LM16 lA PCS*RAMD 

_____ilJP„, .SG.Oi... __ 


__1N LT.LAIE .OPESAliohL 


n02l3S 

002136 


SM&T^FlENATjCf^Eg^Pi5=F4^ P3 |[ ^ »V ^g=P^^-^ SHE£0 0 7 V^Tf'd 
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